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No more useful little works have ever been presented. to the 
public than the various pocket companions of a character analogous 
to that.here offered. _ These-have been, a good deal, though not yet 
too much, multiplied of late; and where the formulas, . rules, and 
tablea which they contain have been skilfully. framed under the 
guidance of scientific men, they have afforded to the Practical En- 
gineer, Architect, and Mechanic, the most welcome aid in ‘the eon- 
structions and computations which make part of their daily oocu- 
pation, and which, without the ever-at-hand suggestions and, direc- 
tions of these unpretending . little servanta, ‘might consume hours 
and days in the turning over of large volumes, or in painful i in- 
vestigations based on genera: principles of science where. the indi- 
vidual happened to be competent to conduet them. ae 

The wants to. be supplied in suck a work: are discovered by expe- 
rience and observation inthe different callings for’ which they are 
more especially intended. That these wants have. not all been met i in 
the works of a similar kind which have already appeared. will be 
made evident, by. a . simple inspection of the amount and soared of 
new matter contained i in the present. volume. . 


. It_is not eyery-one, however practically expert he may bei in n his 
own. pursuit, that is. capable of arranging and digesting in the best 
manner the. knowledge necessary for his own use which he may 
have heen years in pequiting, co ag to.rencex :) available for the usa 
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of othera. Such a task, to be well performed, requires a com- 
bination of mental qualities not always, perhaps not often, found 
in the same individual. 

A happy concurrence of circumstances has by accident secured 
for the composition of the present work the labors of several skil- 
ful hands, both as compilers from the best foreign sources, and as 
original producers of valuable material never before in print. The 
result of so much well directed industry is the rich collection, not a 
line of which is not invaluable, which, in the aptest form for imme- 
diate use, has been crowded into the space of a single small 
volume. 

Steam and its application play so important a part in the eco- 
nomy of ‘life at the present day, that the most useful practical 
rules and formulas for all the ordinary cases occurring, cannot with 
propriety be omitted in a work of this kind. A due attention will 
be found to have been paid to the matter, and some of the newest 
modes of managing in steam supplied with the means of the requisite 
computation. 

The laying out of Railroad curves is one of the most important 
and at the same time laborious and troublesome duties which the 
Civil Engineer has to perform. - So much of this occurring on every 
line of Railroad, any, however slight, improvement of method 
which may serve to facilitate or lessen the labor of this process is a 
real boon to that large and eminently useful and accomplished body 
of men to whom the supervision of such operations is committed. 

The use of the more common trigonometric functions, to wit, sines, 
cosines, tangents, and cotangents, which ordinary tables furnish, is 
not well adapted to the peculiar problems which are presented in 
the construction of Railroad curves. The additional columns of 

secants and cosecants in the tables of Dr. Bowditch sometimes 
afford a slight additional facility, which would be much increased 
had we also columns of natural secants as well as logarithmic. 
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Still there would be much labor of computation which may be 
saved by the use of tables of external secants and versed sines, which 
have been employed with great success recently by the Engineers 
on the Obio and Mississippi Railroad, and which, with the formulas 
and rules necessary for their application to the laying down of 
curves, drawn up by Mr. Hastert, one of the Engineers of that Road, 
are now for the first time given to the public. This portion of the 
volume alone, by the great abridgment of labor for which it pro- 
vides the means, and the simplicity and convenience of the matter 
which it furnishes, will give it an extensive circulation among Prac- 
tical Engineers, 

But besides this, the Architect, the Shipbuilder, the Mason, the 
Carpenter, the Joiner, the Manufacturer and Artisan in iron and 
every species of material, will find rules and recipes for all kinds 
of estimates, computations, constructions, compositions, mixtures, 
et cetera, which will excite surprise at their number, novelty, and 
value to every one. 

The contents of this volume are of so varied a nature that it was 
not deemed necessary to make any strenuous efforts to arrange 
them systematically. Being solely intended for a book of refer- 
ence, the relative order of the subjects is immaterial; and the co- 
pious Table of Contents and Index afford all the assistance that can 
be desired by those who wish to consult its pages. 


Tas Epitor, 
Cotumsra COLLEGE, 
Sept. 1855, 
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4 to ‘piseot any given an, 
5. To find the centre, o a circle, or radius, that shall” cut any three 

-given points, not in a direct line, : ° . ° ‘ . 
6. To find the centre ofa given circle, . i 


is. HO Oe sia at or meer teeend of a given 


uf To find the rela of any elven en aro of a circle, : i 
8. ‘Through any @ von, point, .to draw a tangent to a ctrl 
9. To draw from or to the cireamference of a circle lines tending 


‘towards the log : when: the centre is inaccessible, F sg 
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43. To describe an elltp having the two diameters given, . 


18, 14 To describe an- elliptic arch, the width and rise ot oe being ‘ 


. given 
13. To describe @ parabola, the dimensions being given 
16. To obtain.by measurement -the length of any direct line, though 
intercepted by some material object, . 
17. A round ss of timber being given, out of which to cut a beam of 
strongest section, . 
18. To re peaaate the distance between two objects, both being inacces- 


19, miertt To ascertain the distance, geometrically, of any inaccessible 
ton an equal plane, . 


21. To! ot the proper posliien for an eccentric, ‘in relation to the orank. 


a steam-engine, the angle of eccentric rod, and travel of the 
nies me given, . 
22. The throw of an eccentric, and the travel of the valve in a steam- 
engine, also the length of. one lever for communicating motion to 
= valve, rely siven, to determine the proper length for iM 
other, . 
23. To inscribe any regular polygon ina given circle, 
24. To construct a square upon a given right line, . 
25. To form a square equal in area to a given triangle, 
26. To form a square equal in area to a given rectangle, 
27. To find the length for a rectangle: whose area shall be equal to that 
of a given square, the breadt of ti the rectangle being also - siven, ‘ 
28. To bisect any given triangle, ‘ 
- To describe a circle of greatest diameter in a given trian le we oe 
30. To form a rectangle of greatest surface, in a given triang oe 8 
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1. The breadth of a polygon given, to find the radius of a cine 

to contain that polygon, ° 

2. The radius ofa circle given, to find the length of side, . . 
8. The length of side given, to find the radius, . 

6. Having the diameter of a circle given, to find the circumference ; H 
or the circumference given, to find the diameter, . . . 

%. To find the length of any are of a circle, 


~& Po find the diatnetet of s circte, by having the chord and versed 


sine given, ee e. 
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an To find the area of a parabola, or ite segment, - te 
Some ofthe propertitsofaciréle, ©. #8. . . 
11. To find the ares of a sector of a circle, . ‘ é o 
12. To find the area of a.segment of a circle, : 
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14. To ‘find the area of an ellipals, . e ° e 'e e ° 
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_1. To find the convex surface and solid content of a cylinder, . es 
2. To determine the dimensions of any cylindrical vessel, whereby 
to contain the greatest cubical contents, bounded by the least 
ae erficial surface, ° 
nd the su ‘and solid content of s cone or ‘pyramid, ° 

i find the surface of the frustum of s cone or pyramid, ‘ 
0 find the solid content of the frustam ofacone, . ° ‘ 

. To find the solid eontent of the frustam ofa pyramid,, . . 
. To find the solidity of a wedge, : 
. To find the convex surface and solid content of a sphere or globe, 
9. us cher the convex surface and o content of the epauent of a 


10. te find the solidity ofs spheroid, . 
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11. To find the solidity of the segment of a * spheroid “when the base 


is circular or parallel to the revolving axis, 
12. To find the convex surface and sclid content of a oylindrie ring, 
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To divide numbers upon the rule, 
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Rule of three inverse, . 
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Tax Laws or Motion, - 
To find the velocity of a ‘aie body at the end of any number of 


seconds, 
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To find ¢ ey space passed over by a falling body when the Velocity is 


" give 
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ARITHMETICAL SIGNS. 


Tax following definitions of arithmetical signs which are em- 
ployed in mechanical calculations, will be found of great value to 
these who do not yet understand them, and of some interest to 
those who are already familiar with their meanings. 


== This is the sign of equality, and signifies egual to. For exam- 
ple: 12 inches = 1 foot (12 inches ¢s equal to 1 foot). 

4 This is the sign of addition, and signifies plus, or more. For 
example: 5 + 3 = 8 (5 added to 3 i6 equal to 8). 

— This is the sign of subtraction, and signifies ninus, or less, For: 
example: 10 ~— 8 = 2 (10 minus 8 leaves or is equad to 2). | 

x This is the sign of multiplication, and signities multiplied by, | 
or inta For example: 10 x 3 = 30 (10 tnudltiplied by 3 is | 
to 30). 

+ This is the sign of diviston, and signifies divided by. For exam-| 
ple: 156 + 6 = 26 (156 divided by 6 ts equal to 26); or,24+4= 6| 


: 24 
(24 divided by 4 is equal to 6); or = 6 (24 fourths are equal to 6; 
wholes). | 
: i 3 This is the sign of proportion, and signifies proportion. | 
For example: 4:6 :: 8: 12 (as 4 t8 ¢o 6, 80 ta 8 t0 12); or 8:5: 
9:15 (that ia, a3 8 is to 5, 30 ts 9 fo 15); S=o. 
y This is the sign of the square root. When it is placed before 
a number (as thus, 7 5 = 25), it means that the square root of that 
number is required. For example: y 25 = 5, because 5 x 5 = 25;: 
or, ¥ 9 = 8, because 3 x 3 = 9; or, ¥Y 64 = 8, because 8 x 8 = 64. 
7 This is the sign of the cusz root, When it is placed before a 
number, it means that the cube root of that number is required. 
For example: ¢f 64 =54 (that is, 4 x 4 = 16, and4 x 16 = 64); 
or, 4/7 216 == 6 (that ia, 6 x 6 = 36, and 6 x 36 = 216). 
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* When this mark is added to a number (thus, 6*), it means that 
that number is to be squared. For example: 5°== 25 (that is, 
5 x 5 = 25); or 6? = 36 (that is, 6 x 6 = 36). 

* When this mark is added to s ntmber, it means that that num- 
ber is to be cubed. For example; 5°= 5 x 5 x 5 = 125 (that is, 
5 x 6 =25, and 6 x.25 = 125; or, 7*= 348 (that is, 7 x 7 = 49, 
and 7 x 49 = 243). The iidez or power (as the small figure an- 
nexed is called) shows -how many times a number is to be multi- 
plied by itself. 

This is called the dar. It signifies that all the numbers or 
quantities under it are to be taken together. For example: 8 + 5 
x 4 = 82 (8 plus 5 are equal to 8, and that, multiplied by 4, is 
equal to 32); or,.7 — 8 + 8 = 12 (7 less 8 is equal to 4, and that, 
if added to 8, is equal to 12); or, 5 x 4 + 8 = 85 (that is, 4 and 3 
are 7, which, if multiplied by 5, is equal to 85); or, 5 x 6 + 4= 50 
(that is, 6 and 4 are 10, and ten times 5 are 50). The parenthesis 
( ) is sometimes used in place of the bar, thus: (6 + 4) x 5 = 50. 


.‘. The meaning of this sign is therefore. 


°.° This sign signifies because. 

4 The meaning of this sign is perpendicular. 

Z This sign signifies an angle. 

~ This sign denotes difference, and is placed between two quan- 
tities (as 2 ~ y) when it ie not known which of them is the greater. 


> or —3 The meaning of these signs is create than. For ex- 
ample: AB > CD (that is, AB is greater than C D). 

< or c The meaning of these signs is Less than. For example: 
AB < CD (that is, AB is less than CD). . 

- This is 8 decimal point. When placed before a number (thus, 
.1), it means that that number hae a unit (1) for its denominator. 
For example: .1 is the same as j);; .125 is the same as ;'y575; .01 is 
the same a8 7j7; -001 is the same a8 zy/55; -0001 is the same as 
yesso ; 42.85 is the same as 42,55, ; 57.217 is the same as 577%s'55¢ 

° This is a degree mark It is written and printed as follows: 
25° (that is, 25 degrees). 

' This is a minute sign. 
" These two accents signify seconds. 


"' These three accents signify thirds. They read thus: 57° 17’ 
43" 39'" (that is, 57 degrees, 17 minutes, 43 seconds, and 89 thirds) 
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ALGEBRAIC SYMBOLS. 


The advantage of these, in a work like the present, may be thus 
illustrated : 
Let J denote the length, } the breadth, and d the depth of an iron 
|beam. If it be desired to express the product of the length and 
breadth, divided by the depth, it is done as follows: 


1b 
d 


That is to say, multiplication is expressed by simply writing the 
lettera which represent numbers one after the other; division, by 
drawing a line under the dividend, and writing the divisor below. 


The sum of the length and breadth, divided by the depth, would 
be expressed briefly thus: 


+b 
d 
ee square of the length, multiplied by the enbe of the breadth, 7 
us: 
Po 


The square root of the length, divided by the fourth root of the 
breadth, thus: 
: a3 Vv l 


Vb 
The equare root of the difference of the length and breadth, 
divided by the depth, thus: 
vli—b 
d . 
The square root of the quotient of the sum and difference of the 
length and breadth, thus : 
ove ¢ aes TS “oy 
l—6 


Any other letters—as a, b, ¢, &c.—may stand for the given 
dimensions. . 

These explanations will serve to give the sense of the symbols 
which will be met with throughout the work. 
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PRACTICAL GEOMETRY. 


1. From any given point, in a straight line, to. 

“ erect a perpendicular ; or, to make a line at right 
angles with a given line. 

On each side of the point A, from which the 

____ line is to be made, take equal distances, as A b, 

A ¢ Ac; and from 6 and c as centres, with any dis- 

tance greater than 6 A or ¢ A, describe-arcs cut- 

, ting each other at d; then will the line Ad be 

“6 the perpendicular required. 


{ 2. When a perpendicular is to be made at or near 
e the end of a given line. 

With any convenient radius, and with any dis- 
tance from the given line A 6, describe a portion 
of a circle, as b Ac, cutting the given point in A; 

draw, through the centre of the circle », the line 
js nc; and a line from the point A, cutting the 

intersections at ¢, is the perpendicular required. 


8. To do the same otherwise. 


t From the given point A, with any eonve- 
nient radius, describe the arc deb: from d cut 
the arc in c, and from ¢ cut the are in 6; also 
from ¢ and 4 as centres, describe arcs cutting 
each other in ¢; then will the line Aé be the 
perpendieuwlar as required. 

a A. 


: triangle are in the prepertien of 3, 4, and 5 eqaal parts 
respectively, twe of the oes form a right angle; and ebserve that in each of these or 


a iy teined perpe may be continued below the given lines, if 


4. Tb bisect any given angle. 


From the point A as « eentre, with any redius 
less than the extent of the angle, describe an are, 
& 8 cd; and from e¢ and d as centres, describe arcs 
eutting each other at 5; then will the line A b biseet 
the angle as required. 
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5. To find the centre of a cércle, or radius, that 
shall cut any three given points not ix a direct line. 
From the middle point 4 as a centre, with any 
radius, as bc, 6 d, describe a portion of a circle, 7 
as ¢ 8d; and from r and ¢ as centres, with an 
equal radius, cut the portion of the circle in ¢ 3 
and ds; draw lines through where the arcs cut 
each other; and the intersection of the lines-at 
|g is the centre of the circle as required. _ 


6. To find the centre of a given circle. 
Biseet any chord in the circle, as AB, bya 
perpendicular, CD; bisect also the diameter kD 


in f; and the intersection of the lines at f is the 
centre of the circle required. 


7. To find the length of any given are of a 
circle. _ . 4 

With the radius AC, equal to 3th the length 
of the chord of the arc AB, and from A as a 
centre, cut the are in c; also from B as a centre, 
with equal radius, cut the chord in 6; draw the 


line C 4; and twice the length of the Cc 
line is the length of the arc nearly. Je 
A. B 


8. Through any given point, to draw a tan- . 
gent to a circle. A. D B 


Let the given pet be at A; draw the 
line AC, on which describe the semicircle 
ADC; draw. the line ADB, cutting the 
circumference in D, which is the tangent as 
required. 


9. Zo draw from or to the circumference of a circle lines tending 
towards the centre, when the centre és inaccessible. 


Divide the whole or any given 
portion of the circumference into 
the desired number of equal parts; 
then, with any radius less than 
the distance of two divisions, de- 
scribe ares cutting each other, as 
Al, B1,C2, D2, &; draw the 
lines C 1, B 2, D 3, &c., which lead to the centre, as required. 


To draw the end lines. | 
As Ar, Fr, from. C describe. the are r, and-with the- radius C J, 
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from A or F as eentres, eut the former ares at 7, or r, and the fines! 
Ar, Fr, will tend to the centre as required. 


10. Zo describe am are, or segment of a circle, of large radii. 


Of any suitable material, construct a triangle, as A BC- make 

AB, BC, each equal 

in length tothe chord | 
of the arc DE, and 

height, twice that of 

the arc Bb. At each 

end of the chord D E 

fix a pin, and at B, in the triangle. fix a traeer (as a pencil), meve 

the triangle along the pins as guides; and the tracer will describe 

the are required. 


ll. Or otherwise. 


Draw the chord ACB; aleo draw the line HDI, paralet with 
the chord, and equal to the height of the segment; bisect the chord | 
in C, and erect the perpen- 
- _ 3 : ” 1 ~~ dicular CD; join AD, DB; 
draw A H perpendicular to 
AD, and BI perpendicular 
ras to BD; erect aleo the per-| 
: pendiculars An, Bn; divide 
AB and HI into any number of equal parts; draw the lines 1 1, 
22.88, &e.; likewise divide the lines Ax, Bn, each into half the 
number of equal parts; draw lines to D from each division in the 
lines An, Bn, and, through where they intersect the former lines, 
describe a curve, which will be the arc or segment required. | 


12. To describe an ellipse, having the two diameters given. 


On the intersection of the two diameters as a centre, with a 
t radius equal to the difference of the semi- 
= diameters, describe the are ab; and from 

> 5 asa centre, with half the chord bea, de- 

scribe the arc ¢d; from o as a centre, with 
the distance od, cut the diameters in dr, 
¢ dt; draw the lines », s, 8, and ¢, 8, s; then 
from r and ¢ describe the arcs a, & & 8; also 

from d and d, describe the smaller arca 

8, 8, 8, & which will complete the ellipse as required. 


18. Yo deseribe an elliptic arch, the width and rise of span being 
given. 
Bisect with a line at right angles the chord or span AB; erect 
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the perpendicular Aq, and draw the 
line g D equal and parallel to AC; bi- 
sect AC and Ag inrandn; make C/ 
equal to CD, and draw the line Irq; 
draw also the line nsD; bisect sD with 
a line at right angles, and meeting the 
line CD in g; draw the line gg, make 
CP equal to Ck, and draw the line 
g Pi; then from g as a centre, with the 
radius g D, deseribe the arc s Dé; and 
from k& and P as centres, with the ra- g 

dius A k, describe the arcs A s and Bi, which completes the arch a: 
required. Or, 


14. Bisect the chord AB, and fix at right angles any straight! 
guide, as bc; prepare, of any suitable 
material, a rod or staff, equal to half 
the chord’s length, as def; from the 
end of the staff, equal to the height 
of the arch, fix a pine, and at the 
extremity a tracer /; move the staff, 
keeping its end to the guide and the 
fixed pin to the chord, and the tracer 
will describe one half the arc re- 
quired. 


15. Zo describe a parabola, the dimensions being given. 


Let AB equal the length, and C D the breadth of the required 
arabola; divide CA, CB into any number of equal parts; alsc 
ivide ge per o sr 2 6 

di oul ars aan a ae, 7 3 
into the same num- | SS SOI 
ber of equal parts; = ,.——-—"3-_ 3 | 
then from a and 3 
draw lines meeting each division on the line ACB; and a curve 
line drawn through each intersection will form the parabola re 
quired. 


= i B 


16. To obtain by measurement the length of any direct line, though 
intercepted by some material olject. 


Suppose the distance between A and B is required, but the right 
line is intercepted by the object C. On the point d, with any con: 
venient radius, describe the are ¢ c, make the arc twice the radius in 
length, through which draw the line dee; and on e describe another 
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are equal in length to once 

the radius, as eff; draw 

A a p - g the linee fr equal toe fd; 
on r describe the are jj, 
in length twice the radius; 
continue the line through 
rj, which will be a right 
line, and de, or er, equal 
ae e the. distance between ‘d r, 

by which the distance between A and B is obtained as required. 


17, A round piece of timber being given, out of which to cut a beam 
of strongest section, 


DF 
Divide into three equal parts any diameter in 
the circle, as Ad, eC; from d ore, erect a per- 
pendicular meeting the circumference of the 
circle, as dB; draw AB and BOC, also AD 
a 


__equal to BC, and DC equal to AB, and the 
rectangle will be a section of the beam as re- 
quired. 


18. Zo measure the. distance between 
two objects, both being inaccessible. 


From any point C draw any line Ce, 
and bisect it in D; take any point E 
in the prolongation of AC, and draw 
the line Ee, making De equal to DE; 
in like manner take any point F in the 
prolongation of BC, and make D 
equal to FD, Produce AD and ec till 
they meet in d, and also BD and fe 
till they meet in 5; then a 6 equal AB, 
or the distance between the objects, as 


required. 


19. To ascertain the distance, geometrically, 
of any inaccessible object on an equal plane. 

Let it be required to find the distance be- 
tween A and B, A being inaccessible; pro- 
duce the line in the direction of A B to any 
point, as D; draw the line D d at any angle 
to the line AB; bisect the line Dd, through 
which draw the line B 4, making ed equal 
to Bc; draw the line dba; also through e, 
in the direction ¢ A, draw the line ac, in- 
tersecting the line dba; then da equal BA, 
., the distanga required, 2 ke 


t 
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20. Otherwise. 

Prolong AB to any point D, making 
BC equal to CD; draw the line Da at 
any angle with DA, and the line Cd 
similar to Bc; draw also the line DE F, 
which intersects the line Ba; then a6 
equal B A, or the distance required. 


21. Zo find the proper position for an 
eccentric, tn relation to the crank in a steam 
engine, the angle of eccentric rod, and tra- 
vel of the valve, being given. 


Draw the right line A B, as the situation of the crank at com- 
mencement of the stroke; draw also the line Cd, as the proper 
given angle of eccentric rod with the crank; then from C as centre, 

escribe a circle equal to the travel 
of the valve; draw the line “f at 
right angles to the line Ca, draw 
also the lines 11, and 2 2, parallel 
to the line ef; and at a distance 
from ef on each side, equal to the 
lap and lead of the valve, draw the 
angular lines C 1, C 2, which-are the 
angles of eccentric with the crank, 
for forward or backward motion, as may be required. 


22. The throw of an eccentric, and the travel of the valve in a steam- 
engine, also the length of one lever for communicating motion to the 
valve, being given, to determine the proper length for the other. 


On any right line, as AB, describe a circle A D, equal to the 
throw of eccentric and travel | 
of valve; then from C asa 


centre, with a radius equal 

to the length of lever given, 4 

eut the line A B, as at d, on ee B 
which describe a circle, equal \_ 2 — 

to the throw of eccentric or 

travel of valve, as may be i‘ 


required ; draw the tangents Ba, Ba, cutting each other in the 
line A B, and d B is the length of the lever as required. 


Note.—The throw of an eccentric is equal to the sum of twice 
the distance between the centres of formation and revolution, as 
ae or to the degree of eccentricity it is made to describe, as cd. 


D 

The travel of a valve is equal to the sum of the widths of the two 
steam openings, and the valve’s excess length more than Just 
sufficient to cover the openings. 
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23. Zo inscribe any regular polygon in @ given 
circle. : 

Divide any diameter, as AB, into so many 
equal parts as the polygon is required to have 
sides; from A and B as centres, with a radius 
equal to the diameter, describe arcs cutting 
each other in C; draw the line CD through 
the second point of division on the diameter e, 
and the line D B is one side of the polygon re- 
quired. 


_ 24. To construct a square upon a given 
right line. 

From A and B as centres, with the ra- 
dius AB, describe the ares Acd, Bed, 
and from c, with an equal radius, describe 
the circle or portion of a circle ed, A B, 
bc; from 6d cut the circle at e and c; 
draw the lines Ae, Be, also the line sz, 
which completes the square as required. 


25. To form a square equal in area to a given triangle. 


Let ABC be the given triangle; let 
fall the perpendicular Bd, and make A e 
half the height dB; bisect eC, and de-' 
. scribe the semicircle en C; erect the per-; 
pendicular A 8, or side of the square, then 
A stz is the square of equal area as re-. 
~ e€A @ C quired. | 


26. Zo form a square equal in area to a given rectangle. 


Let the line A B equal the length and breadth of the given rec- 

D tangle; bisect the line in e, and describe 

the semicircle ADB; then from A with 

the breadth, or from B with the length, 

ofthe rectangle, cut the line AB at C, 

and erect the perpendicular C D, meeting 

Be ee B the curve at D, and CD equal a side of | 
the square required. | 


7. To find the length for a rectangle whose area shall be equal to 
that of a given square, the breadth of the rectangle being also given. 


Let ABCD be the given square and DE the given breadth of 
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rectangle; continue the line BC , r 2 
to F, and draw the line DF; also 
eontinue the line DC to g, and 
draw the line Ag parallel to D F; 
from the intersection of the lines 
at g, draw the line gd parallel to 
| DE, and Ed parallel to Dg; then 
ED dg is the rectangle as re- 
quired. 
| c 
28. Zo bisect any given triangle. 
Suppose A BC the given triangle; bisect one 
of its sides, as A B in e, from which describe the 
sémicircle Ar B; bisect the same in 7, and 
from B, with the distance Br, cut the diameter 
AB in v; draw the line vy parallel to AC, 
which will bisect the triangle as required. 


29. To describe a circle of greatest 
diameter tn a given triangle. 

Bisect the angles A and B, and draw 
the intersecting lines A D, BD, cut- 
ting each other in D; then from D as 
centre, with the distance or radius D C, 
describe the circle C ef, as required. 


80. Zo form a rectangle of greatest surface, in a 
given triangle, 

Let ABC be the given triangle; bisect any 
two of its sides, as AB, BC, in e and d; draw 
the line ed; also, at right angles with the line ed, 
draw the lines ¢ p, dp, and ep pd is the rectangle 
required. 


Poet RL cline jememeemeD 


RATIO OF THE HARDNESS OF METALS, 


1. Iron, 4, Silver, 6. Tin, 
2. Platina, 5 Gold. 7. Lead. | 
8. Copper. | 


STRENGTH OF Woon, | 


All woods are from 7 to 20 times stronger transversely than lon 
gitudinally. They become stronger both ways when dry. 
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DECIMAL ARITHMETIC. 


Decimal Arithmetic is the most simple and explicit 
mode of performing practical calculations, on account of its doing 
away with the necessity of fractional parts in the fractional form, 
thereby reducing long and tedious operations to a few figures 
arranged und worked in all respects according to the usual rules 
of common arithmetic. 

Decimals simply agnly tenths; thus, the decimal of a foot is the 
tenth part of a foot, the decimal of that tenth is the hundredth of a 
foot, the decimal of that hundredth is the thousandth of a foot, and 
so might the divisions be carried on and lessened to infinity: but in 
practice it is seldom necessary to take into account any degree of 
less measure than a one-hundredth part of the integer or whole 
number, And, as the entire system consists in supposing the whole 
number divided into tenths, hundredths, thousandths, &e., no pecu- 
liar notation is required, otherwise than placing a mark or dot to 
distinguish between the whole and any part of the whole, thus: 
34.25 gallons signify 34 ag 2 tenths, and 5 hundredths of 4 
gallon; 11.04 yards signify 11 yards and 4 hundredths of a yard; 
16.008 shillings signify 16 shillings and 8 thousandth parts of a 
shilling; from which it must appear plain that ciphers on the right 
hand of decimals are of no value whatever, but pace on the left 
hand they diminish the decimal value in a tenfold proportion: for 
.6 signify 6 tenths; .06 signify 6 hundredths; and .006 signify 6 
thousandths of the integer or whole number. 


Reduction. 


Reduction means the converting or changing of vulgar fractions 
to decimals of equal value; also finding the fractional value of any 
decimal given. 

Rule 1. Add to the numerator of the fraction any number of 
ciphers at Peep divide the sum by the denominator, and the 
quotient is the decimal of equivalent value. 

Rule 2, Multiply the given decimal by the various fractional 
denominations of the integer, or whole number, cutting off from the 
right hand of each product, for decimals, a number of figures equal 
to the given number of decimals, and thus proceed until the lowest 
degree, or required value, is obtained. 

Ex \, Required the decimal equivalent, or decimal of equal 
value, to ;4, of a foot. 

2s = 25, the decimal required. 
Ez. % Reduce the fraction } of an inch to a decimal of equal 


value. wees sx ‘125, the decimal required. 
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Hz. 3. What is the decimal equivalent to 7 of a gallon? 
i =: ‘875, the decimal equivalent. 
Ez, 4, Required the fractional value of the decimal .40625 of an 
inch. 


"40625. 
Multiply by 4 8 
3°25000 
x eh en. 
50000, 
x Jy = Ys 2 . 


1:00000 $ and 44; of an inch, the valve required. 


Ke. &. What is the fractional value of ‘625 of a cwt.? 
a ‘625 
Multiply by 4 qrs. 4 
2°500 , 
x 28 Ibs. 28° 
14000 = 2 quarters and 14 Iba, the value 
——- required. 


Hz. 6. Ascertain the fractional value of ‘875 of an imperial 
gallon. 
"875 
Multiply by 4 quarts . 4 
iC !. nS meee ear sar ae 3-500. 
x2pints 2 
1-000 = 8 quarts and 1 pint, the value re 
a required. 


‘ 
! 


He. %. What is the fractional value of -625 of a &. sterling! 

| "625: 

- Multiply by 20sh, =—.20 
10°500 

* 12 pence 12 


6-000 = 10 shillings and 6 petice, the valu: 
== quited. 


nc ta el 
ee 


Independent of the mark or dot which distinguishes betwee 
‘integers and decimals, the fundamental rules—=viz. Addition, Sub 
traction, Multiplication, and Division~are in all respects the sam. 
as in Simple Arithmetic; and an example in each, illustrative o: 
placing the separating pot, will no doubt render the whole systen 
sufficiently intelligible, even to the dullest capacity, 


96 Dectwat Anrtaurtte, 


He. 1. Add into one sum the following integers and decimals: 
16°625; 11:4; 20°7881; 12°125; 8°04; and 7-002 


7-002 


a 


75-9751 s= the sum required, 


Ez. 2 Subtract 119°80764 from 234'98276, 


2384-98276 
119°60764 


115°17512 = the remainder required. 


Ee. 8. Multiply 6210872 by 16-782, 


62°10872 
16-732 
12420744 
186381116 
43472604 
87262232 
6210872 


1089°11944304 = the product réquired. 


Observe that the- number of figures in the product from the 
right hand, accounted as decimals, are equal to the number of 
decimals in the multiplier and multiplicand taken together. | 

He. 4, Divide 39°875 by 9°25. 


9°25) 39°375 (4:256 = the quotient required. 
3700 


2375 

1850 Observe that the number of decis 
6250 mals, in the divisor and quotient 
4625 together, must be equal to the 

F050 number in the dividend. 


Note.—'The operation might be still continued. sb as td reduce the quotient to 
degree of greater exactitude; but in practice it is quite unnecessary, being even no 


reduced to a measure of greater nicéty than is comnionly required. 


pa 
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MENSURATION. 


Mensuration is the method of calculating the comparative 
magnitudes of figures, and it is divided into two parte—Menguration 
of Superticies or Surfaces, and Mensuration of Solids. 

The magnitude of a surface is called its area, and is the space 
inclosed between its boundary lines. 

The magnitude of a body is called its solid contents, and is: 
expressed in cubic feet, inches, &c. 


Niensuration of Superficies. 


Square. Rectangle. 
‘zB A 


|| ; | 
D C D | Cc 

A Squans is a quadrilateral figure, which has all its sides equal, 
and all-ite angles right angles, Ot 


A Recranax is a four-sided figure, which has its angles, right 
angles, and its opposite sides parallel. 


Rhomboid. 


Rhonahis. 
Th ves 
D” @e D a Cc 


A Ruomevs is a parallelogram, whose sides are equal, but whose; 
angles are not right angles. 
A Ruomsorp is a parallelogram, whose adjacent sides are unequal, 
and whose angles are not right angles. | 
A mesa is a four-sided figure, which has but two of its sides. 
aralle 
. A Crecre is a figure bounded by one line, called the circum- 
ference, and is such that all lines drawn to the | 
circumference from a certain point within the 
figure, called the centre, are equal to each 
other. Any of these lines is called a radius; 
and a line drawn through the centre, termi- 
nating both ways in the circumference, is 
called a diameter. The portion of circle cut 
off by a diameter is called a semiciré}e. 
An Azo of a circle is any portion of the circumference, 
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A Srement of a circle is a figure contained by an arc and its 
chord. ; 

A Versep Sinz is-a line drawn from the middle of a chord per- 
pendicular to the circumference. 

A Secror of a cirele is a figure contained by two radii and an 
are, as ACB E 


PROBLEM L 
To find the area of any parallelogram, 
Rutz. Multiply the length by the perpendicular height, and the 
product will be the area. 
Examp.e. Required the area of a rhomboid whee length A B= 
20°5, and perpendicular height a A = 11°75. 
- 20:5 x 11.75 = 240°875, the area. 


Note.—In a square, or rectangle, the perpendicular height is the breadth : therefore, to 
find the areas of a square and rectangle, multiply the length by the breadth. 


PROBLEM IL 


_ La find the area of a trapexoid. - 
Rute. Add together the two parallel sides, multiply thetr sum 
by the. breadth or height, and half the product is the area. 


EXAMPLE. a ired the area of: @ trapezoid whose sides A B and 
CD are 14°5 and 10:25, and breadth, a A = 7125, 


| B A. 


17541035 x 1°25 
ae — 89°71875, 
the area. | 
D c j 


PROBLEM III. 
To find the area of a triangle. 


Rore. Multiply one of its ‘sides as a base by a perpendicular let 
fall from the opposite angle, and take half the product for the 
area. 

Or, from half the sum of the three sides subtract each side sepa- 
rately, and multiply the three remainders so obtained and the half 
sum together, and the square root of the product will be the area. 

Examp.e 1. Required the area of a triangle ABC, whose base 
AB = 166, and perpendiéular D C = 10°25. 

CG 


16°5 x 10°25 
2 
the area. 


= 84'5625, 


B D “A. 


wee 
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Exampix 2. What ie the area of that-triangle whose three sides 
are 8, 12, and 16 respectively ? 


tik = 18, the half sum of the sides; 
then, 18 18 18 
8 12 16 


10 6 and ¥18x10x6 x 2=46°47, the area. 


PROBLEM IV. 


If any two sides of a right-angled triangle be given, the third side may 
be found by the following rules. 


1.—To the square of the base add the square of the perpen- 
dicular; and the square root of the sum will be the hypothenuse or 
longest side. 

2.—Multiply the sum of the hypothenuse, and one side by their 
ai and the square root of the product will be the other 
side. 

Examrce 1. Given the base A B = 16, and perpendicular B C = 
12; required the length of the hypothenuse A C. 


Cc 
716" -+- 127 = 20, the length of the hypo- 
thenuse A C. 
B A 


Exampte 2. Given the base A B = 16, and hypothenuse A C = 20; 
required the length of the perpendicular B C. 


¥20 + 16 x 4= 12, length of the perpendicular BC. 


Note.—The diagonal line, or hypothenuse in a square, is equal to the square root of 
twice the square of the side. And the side of a square is equal to the square root of 
half the square of its diagonal. 

Thus suppose each side of a square equal [2 feet: 


12” X an V 268 mex 16°9705 feot, the diagonal. Or, 
come om / 144 == 12 feet, the length of each side. 
Similar triangles, or those which are D 
ee to each other, have the 
sides about their equal oe prapor- 


tional ; thus, in the annexed figure the 

triangles ABC and CDE are similar, B 
and therefore have the sides about the 

equal angles proportional : x rs 
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AC: BCO::CE: DE; 
AB: BC::CD:DBE &e. 


The utility, then, of the above triangles for practical purposes, 
as, for instance, ascertaining the heights of buildings, &c., will be 
seen from the following: 


Suppose D E to be an eminence, of which it is required to find 
the height, and EC the length of the shadow cast by the sun; then, 
in order to find D E, we may erect perpendicularly at C a pole of 
any known length, as BC, and after measuring the length of its 
shadow AC, state—as the length of the pole’s shadow is to the 
height of the pole itself, so is the length of the shadow of DE to 
the height of D E; or, 


As AC: CB::CE: ED; 


and supposing A C = 6 feet, BC = 4 feet, and CE = 30 feet, then 
A ED would be 20 feet. 


Again, supposing’ we wished to find the dis- 
tanee between two objects A and B; draw DB 
of any length at right angles to A B, and in DB 
take any point C, through which draw AE; also, 
at D, at right angles to D B, draw DE, making 


B % D the triangle D EC, and state, 
AsDC:DE;: BO: BA. 
Ez 
PROBLEM V. 


To find the area of any regular polygon. 


Rutz. Multiply the sum of its sides by a perpendicular drawn 
from its centre to one of ite sides, and take half the product for the 
area. 

Or, multiply the square of the side of a polygon (from three to 
twelve sides) by the numbers in the fourth column of the table for 
polygons, opposite the number of sides required, and the product 

Dv will be the area nearly. 


ExaMPLe 1. Required the area of the regular 
pentagon A BCDE, each side being 7:5, and 


. ¥ perpendicular F G = 6:4. 
KR Seale = 120, the area. 
B “A. 2 


ExaMPLe 2. What is the area of a regular hexagon, each side 
being 8°75 in length? 


8°75* x 2°598 = 199°009375, the area. 
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TaBLeE of multipliers for polygons from three to twelve sides. 


Names. Sides. | Multipliers. Multipliers. Multipliers. Areas. 


Trigon.....| 9 2 1-78 579 433 
Tetragon... 1-41 1°412 “105 1-000 
Pentagon. ..} 6§& 1-238 1174 . _*852 172 
Hexagon...{| 6 1156 | = Radius. |= Length | 2°598 
of side. 

Heptagon..| 7 1-11 "867 1-16 3°634 
Octagon ...| 8 1°08 “765 1-307 4828 
Nonagon...} 9 1062 | 681 1:47 61818 
Decagon....| 10 105 616 1-625 7694 
Undecagon.| 11 1°04 ‘561 1777 9°365 


Dodecagon..| 12 1037 515625 |. 1°94 11°196 


1. The breadth of a polygon given, to find the radius of a circle to 
contain that polygon. 


Rute. Multiply half the breadth of the polygon by the numbers 
in the first column opposité to its name, or number of sides, and the 
product will be the radius of a circle to contain that polygon. 

And if the polygon have an unequal number of sides, the half 
breadth is accounted from its eentre to one of its sides. 


2. The radius of a circle given, to find the length of side. 


Rure. Multiply the radius of any circle by the numbers in the 
second column opposite the polygon required, and the product will 
be the length of side nearly that will divide that circle into the 
proposed number of sides. And, 


8. The length of side given, to find the radius. 


Rute Multiply the given length of side by the numbers in the 
third column opposite the polygon required, and the product wil 
be the radius of a circle to contain that polygon. 


Exampce 1. Required the radius of a circle 
to contain an octagon, whose breadth AB = 
18°5 inches: B94 

Half of 18°5 = 9°25, and 9°25 x 1°08 = 9°99 - 
or ten inches nearly, the radius of the circle 


+O D. 


Examerz-2. Given the radius O D = 9°99 inches, required the 
length of side DC. 


9°99 x “165 = 7°64235, the length of side. 
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ExaMpPLE 8. Given the length of side D C = 764285; required the 
radius D O. 


764285 x 1°307 = 9°98855145, or 9°99 in. nearly. 


PROBLEM VL 


Having the diameter of a circle given, to find the circumference ; 
or the circumference given, to find the diameter. 


Rute 1. As 7 is to 22, so is the diameter to the circumference. 
Or, as 22 is to 7, so is the circumference to the diameter. 
2. As 1 is to 31416, so is the diameter to the circumference. 
Or, as 8°1416 is to 1, so is the circumference to the diameter. 
Exampte 1. Required the circumference of a circle when the 
diameter is 23°5. 
23°5 x 22 
7 


Examrie 2. The circumference of a circle is 73§, required the 
diameter, 


= 4 38, the circumference. 


"88 x 7 
22 


Exampte 8. Required the circumference of @ circle whose diame- 
ter is 30. 


x 28°5, the diameter. 


8°1416 x 30 = 94248, the circumference, 
Exampete 4. What is the diameter of a circle when the circum- 
ferance is 94°248 ? 
94°248 +- 3°1416 = 80, the diameter. 


PROBLEM VIL 
To find the length of any are of a cirele, 


Rutz. Subtract the chord of the whole are from eight times the 
chord of half the arc; and } of the remainder is the length of the 
arc nearly. 

Exampte, Required the length of the are ABC; the chord of 
half the arc A B = 19°8, and chord of the whole are A C = 34:4. 


198 x 8 == 1584, and 


B 
eT 41-88, the Length of 
Cc 


-A the are. 


PROBLEM VIIL 


To find the diameter of a circle, by having the chord and versed sine 
given, 


Rute. Divide the square of half the chord by the versed sine, to 
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diameter. 

Or, if the sum of the squares of the semichord and versed sine be 
divided by the versed sine, the quotient will be the diameter of the 
circle to which that segment corresponds. 


Examprte. Given the chord AB = 24, and Cc 


versed sine CD =8; required the diameter of 
the circle CE. pes 


OA 
Half the chord = 12, and 127+ 8—=18+8= i a \ 
26, the diameter. a / 
y | §? wi 
Or, oe = 26, as before. - “s 


8 ‘ | x 


PROBLEM IX. 
To fir the area of an ellipsis, or oval. 


Ruiz. Multiply the longest diameter by the shortest, and the 
product by “7854; the result is the area. 
An oval is 25 inches by 16°5: what are its superficial contents ? 


25 x 16°0 = 412°5 x 7854 = 323-9775 inches, the area. 


ge. —Multip ply half ne sum of jhe two diametera by 3'1416, and the product is the 


umference of the oval or ellipsis. 


PROBLEM X. 
To find the area of a parabola, or tts segment. 


Rute. Multiply the base by the perpendicular height, and two- 
thirds of the product is the area. 
What is the area of a parabola whose base is 20 feet and height 


the quotient of which add the versed sine, and the sum will be the 
7 
12! | 


20 x 12= = 2 


= 160 feet, the area. 


Some of the properties of a circle. | 

1. It is the most capacious of all plane figures, or contains the, 
greatest area within the same perimeter or outline. 

2. The areas of circles are to each other as the squares of their 
diameters, or of their radii. 

8. Any circle whose diameter is double that of another, con- 
tains four times the area of the other. 

4. The area of a circle is equal to the area of a triangle. whose 
base is equal to the circumference, and perpencienar equal to the 
radius. 
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5. The area of a circle is equal to the rectangle of its radius, 
and a right line equal to half its circumference. 

6. The area of a circle is found by squaring the diameter, and’ 
multiplying by the decimal “7854; or by ee le the cireum- 
ference by the radius, and dividing the product by 2 

ExaMPLE 1. Required the area of a circle, the diameter being 
80°65. 

30°65 x “7854 = 730°618350, the area required. 


ExamMpLe 2, What is the area of a circle when the diameter is 1? 


In this case the cireumference is 3°1416, half of which is 1:5708, 
and half of 1 = ‘5; then 1°5708 x °6== 7854, the area. 


Having the area of a circle given, to find the diameter. 


Ruiz. As 355 is to 452, so is the area to the square of the dia- 


meter. 
Or, Re. the square root of the area by 1°12837, and the 


product will be the diameter. 
Or, divide the area by the decimal 7854, and extract the square 


root. 
Exampte. Required the diameter of that circle whose area is 


122°71876. 
VW 122°71875 x 452 
eT Seen 12°5, diameter. 


Or, 4/122°71875 = 11:077; and 11°077 x 1:12887 = 12°49895, or 
12°5, diameter. 


PROBLEM XL 
To jind the area of a sector of a cirele. 


Rutz. Multiply the ary fn of the are by the radius of the circle, 
and half the product will be the area. 

3B ExaMPLE. Required the area of a sector of 

a circle whose arc ABC = 26666, and ra- 

C dius B O = 16°9. 

26°666 x 16°9 


5 = 225°3277, the area. 


PROBLEM XIL 
To find the area of a segment of a circle. 


Rure. Multiply the versed sine by the decimal ‘626, to the square 
of the product add the square of half the chord; multiply twice 
the square root of the sum by ¢ of the versed sine, and the product 
will be the area. 
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fenton 


Exampte. Required the ‘atea of 8 segment of a circle whose 
chord A B = 48, and versed sine O D = 18, 
18 x °626 x= 11°268* = 126°967824; which a) 


add to 576, being the square of half the 
chord = 702967824, twice the square root 
of which is 58-026 X 12; being ¢ of the 
versed sine = 686‘8312, the area. ¢ é. 


The following is a near approximate to the preceding rule: 

To the cube of the versed sine, divided by twice the length of 
the chord, add j of the product of the chord, multiplied by the 
versed sine; and the sum will be the area of the segment nearly. 
Take the last example; 


Versed sine + 18, and chord 48, then, 
48 x 18 x 2 
8 


18° 
4 607; and 
= 676 + 60°7 = 636-7, the area nearly. 
Or, the area of a segment may be found by finding the area of a 


sector having the same radius bs the segment; then deducting the 
area of the triangle, leaves the area of the segment. 


PROBLEM XIIL 


Zb find the area of a circular ring or space included between two 

concentric circles, 

Ruts. Add the inside and outside diameters together, multiply 
the suin by their difference, and by ‘7854, and the product will be 
the area. 

Examrtr The diameters of two concentric 
circles, AB and CD, are 10 and 6; required 
the area of the ring or space contained between 
them. 


10 + 6-x 4 x 7854 = 50-2656, the area 


PROBLEM XIV. 
To find the aréa of an ellipsis, 
Rvex. meee the transverse or longer diameter by the conju- 
gate or shorter diameter, and by 7854, and D 
the product will be the area. 


Exawete. Required the area of an ellip» 3B A 
sis whose longer diameter A B = 12, and 
shorter diameter C D = 9, 


13 x 9 x -7864 =t 84°8282, the area. Cc 
Noté.~If halfthe sum of the two diameters be multiplied by 3°1416, the product will 
be the circumference of the ellipsis. 


1416 x 21 
Thus 12 + 9 = 21, and a Rake = 96°1884, the circumference. 


ea Se ai 
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Mensuration of Solids. 


By solids are meant all bodies, whether solid, fluid, or bounded 
space, that can be comprehended within length, breadth, and 
thickness. 


PROBLEM I. 
To find the convex surface and solid content of a cylinder. 


Ruiz 1. Multiply the circumference of: the base by the height of 
the cylinder, and the product is the convex strfate. 
Rute 2. Multiply the area of the base by the height of the cylin- 
der, and the product is the solid content. | 
Exampte 1. Required the convex surface of the cylinder A BCD, 
whose base A B = 82 inches, aud perpendicular height BC = 6 
feet. | 
3°1416 x 82 x 72 inches = 7288-2464 square or st 
perficial inches, and 7238°2464 + 144 = 50°2658 super- 
ficial feet. 
ExampLe 2% Required the solid content, in cubic 
inches and cubie feet, of the cylinder as above. 
322 x 7854 x 72 = 67905°9712 cubic inches, and 
57905°9712 -- 1728 = B3‘5104 cubic feet. 
Exampir 3. Suppose the cylinder A BC D be intended to contain 
a fluid, and that the sides and bottom are each one inch in thick 
ness, how many imperial gallons would it contain f 
32— 2 =: 80 inches diameter;: and 72—1= 71 inches deep; 
then 80" x 7854 X 71 


—= 181 gallon, 
Or, 50187'06 X 008607 = 181, as before. ° 


FT 


PROBLEM It. 
To determine the dimensions of any cylindrical vessel, whereby to 
contain the greatest cubical contents, bounded by the least superjicial 
- surface, 

Ruts. Multiply the given cubical contenta by 2‘56, and the cube 
root of the product equal the diameter, and half the diameter equal 
the depth. ) 

Exampie. Suppose a cylindrical vessel is to be made so as to 
contain 600 cubic feet, and of such dimensions as to require the 
least possible materials by which it is constructed, what must be 
its depth and diameter! 

600 X 2°56 = 1586 = 115879 feet diameter, 
and 11:5379 -+ 2 = 6°76805 feet in depth. — 


_Note.—tf the vessel 1s to be constructed with two énds, then the cube root of four 
times the solidity divided by 3'1416 equal both the length and diameter, so as to expose 
the ba Bossivle surface, or be composed of the least possible materials, of which to be 
constructed. : ‘ 
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PROBLEM IIL 
To find the surface and solid content of a cone or pyramid, 


Rute 1. Multiply the circumference of the base by the slant 
height, and half the product will be the slant surface; to which 
add the area of the base, andthe product will be the whole surface. 

Rute 2. Multiply the area of the base by the perpendicular 
height, and } of the product will be the solid content. 

Exampce 1. Required the convex surface of a D 
cone whose base A B = 20 inches, and slant height 
BD = 29°6. 

Dl tia = aie 926772 squate inches, 


and divided by 144 = 6°435 superficial feet. 
Examrte 2. Required the solidity of the cone Bé - 
as above, the perpendicular C D being 28 inches. C 
20? x “7854 x 28 
3 
1697 cubic feet. 


= 2932°16 cubie inches, and divided by 1728 = 


PROBLEM IV. 
To find the surface of the frustum of a cone or pyramid. 


Ruiz. Multiply the sum of the perimeters of the two ends by 
the slant height, and half the product will be the slant surface; t 
which add the areas of the two ends, and the product will be the 
whole surface. 

Examrtz. Required the convex surface of 
the frustum of a cone ABCD, whose base 
AB = 20 inches, the slant height BC= 19, 
and top end CD = 11. 


8°1416 x 20 + 3°1416 x 11 x 19 


2 
== 925°2012 square inches, and divided by 144 Bt 
= 6°425 feet nearly. 


PROBLEM V. 
To find the solid content of the frustum of a cone. 


Rutz. To the product of the diameters of the two ends add th 
sum of their squares; multiply this sum by the perpendicula: 
| height and by :2618; the product is the solid content. 
| Exampte 1. Required the solid content of the frustum in Problen 
IV., whose perpendicular E F = 18 inches. 
20 x 11 = 220, and 220 + 20° + 11* x 18 x ‘2618 = 34918884 
cubic inches, and divided by 1728 = 2°0208 cubic feet nearly. 


a aac eS cal ig eee NR) 
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Exampte 2. Required the content, in imperial gallons, of the 
inverted frustum of a cone A BC D, whose inner dimensions are 34 
feet deep, 18 inches diameter at bottom, and 22 inches diameter at 
top. 


Co yy «22 & 18 = B96, and 396 + 227 + Ist x 42 


182887024 
x 2618 = ary es 47°745 galls. nearly. 


Or, 18288-7024 x 0°00860654 = 47°75 gal- 
lons nearly, as before. 


70 go + ame eat ae eens am epee =| 


pemecsnarttmoma, 


ee ee ee we 


PROBLEM VI. 
To find the sclid content of the frustum of a pyramid. 
Ruiz To the sum of the areas of the two ends add the square 
root of their product; multiply this sum by the 
perpendicular height, and ¢ of the product is the 
solid content. 


Exampte. Required the solid content of the 
frustum of a pyramid ABCD, whose perpen- 
dicular height = 24 inches, the area of the base 
= 144 inches, and area of the top end = 64. 


144 + 64 = 208, and V144 x 64=- 96; then 
2 6 ° . 
rt = = 2482 cubic inches, and -+- 1728 
= 1°4074 cubic feet nearly. 


B A 


PROBLEM VIL 
To find the solidity of a wedge. 


Rute. To the length of the edge add twice the length of the 
base; multiply that sum by the height, and by the breadth of the 
base, and one-sixth of the product will be the solidity. 


Kxampte. Required the content in cubic 
inches of the wedge ABCDE, whose base 
ABC = 12 inches long and 4 inches broad, the 
length of the edge D E = 10 inches, and perpen- 

a dicular height 7 K = 20 inches. 
r 10+ 24 x 20x 4 
6 


PROBLEM VIII. 


To find the convex surface and solid cdntent of a sphere or globe. 


Ruts 1. Multiply the square of the diameter by 31416; the 
product will be the convex superficies. 


== 452°33 cubic inches. 
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Rurx 2. Multiply the cube of the diameter by ‘5286, and the 
product is the solid content. 

Examp.e 1. Required the convex surface 
of a sphere, whose diameter AB = 254 
inches. 

25°5* x 3°1416 = 2042°8254 square inches, 
+- 144 = 14°1862 square or superficial feet. 

Examp.e 2. Required the solid content of 
a sphere whose diameter A B = 254 inches. 

25°5* x 5286 = 8682°00795 cubic inches; + 1728 = 5:0248 cubic 
feet. 


PROBLEM IX. 


To find the convex surface and ae content of the segment of a 
sphere. 
Rute 1. Multiply the height of the segment by the whole cir- 
eumference of the sphere, and the product is the curved surface. 
Rute 2. Add the square of the height to three times the 
square of the radius of the base; multiply that D 


sum by the height, and by ‘5236, and the pro- 
duct is the solid content. a ES 
ExaMpte 1. The diameter AB of the sphere B 
ABCD = 20 inches; what is the convex sur- 
face of that segment of it whose height E D = 
8 inches? 
3°1416 x 20 x 8 = 502°656 square inches; + 144 = 3°49 super- 
ficial feet. 
Example 2. The base FG of the segment F DG = 18 inches, and 
perpendicular ED = 8; what is the solid content ? 
8? — 64, and 97x 8 = 248; then 2484-64 x 8 x '5236 = 1285°9616 
cubic inches, + 1728 = 7441 cubic feet. 
ExampPce 3. Sappose ABCD to be a sugar-pan, and that the 


diameter of the mouth A B is 4 feet, the depth DC being 25 inches, 
how many imperial gallons will it contain? 


25° = 625, and 247 x 3= 1728; then B a r 


oe Oy ee __ 30800°T% 
1728 + 625 x25 x 6286 = o77-014 = 

111-084 gallons, 
PROBLEM X. 


To find the solidity of a spheroid. 


Ruiz. Multiply the square of the revolving axis by the fixed 
axis, and by ‘5236, and the product will be the solidity. 
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Exampte 1. Required the solid content of the 
prolate spheroid A BC D, whose fixed axis AC is 
50, and revolving axis B D 30. 


80° x 50 x ‘5236 <= 23562, the solidity. 
Exampte 2. What is the solid content of an oblate spheroid, the 
fixed axis being 30, and revolving axis 50? 
50? x 80 x 5286 <= 39270, the solid content. 


PROBLEM XL 


To find the solidity of the segment of a spheroid when the base ts 
circular or parallel to the revolving azis. 

Rute. From triple the fixed axis take double the height of the 
segment; multiply the difference by the square of the height, and by 
5236; then say, as the square of the fixed axis is to the square of 
the revolving axia, 80 ia the former product to the solidity. 

Exampte 1. Required the solid content of the segment A BC, 
whose height Br is 10; the revolving axis EF being 40, and fixed 


axis B D 25. B 
25 x 8—10 x 2 = 55, and 55 x 10? x Cc PNA 


‘5236 = 2879°8, Then, as 25%; 40*:: ry CTA 
2879°8 : 7872°3 nearly. * 


Exampie 2, What is the solid content of the segment of a spheroid 
whose height = 20 inches, the revolving axis being 25, and fixed 
axis 50 $ 


50 x 3 — 20 x 2 = 110, and 110 x 20? x °5286 = 28088°4; then, 
as 50° : 257 :: 23088°4 ; 5759°6 inches, the solid-content. 


PROBLEM XIL 


To find the convex surface and solid content of a cylindric ring. 


Rute 1. Multiply the thickness of the ring added to the inner 
diameter by the thickness and by 9°8698, and the product will be 
the convex surface. 

Rute 2. To the thickness of the ring add the inner diameter ; 
multiply that sum by the square of the thickness and by 2°4674, and 
the produet will be the solid content. 

ExaMPLe 1. The thickness of a cylindric 
ring AC or DB = 2 ‘ncheg, and inner diame- 
a r= 18, required the convex superficies. 


_ 18 + 2 x 2 x 98698 = 894-792 square 
inches, and +- 144 = 2741 superficial feet 
nearly. 
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ExaMPLE 2. Required the solid content of the ring as above. 


18 + 2 x 2°*x 2°4674 = 197°392 cubic inches, and +- 1728 = 114 
cubic feet. ; 
Note.—A cubic foot is equal to 1728 cubic inches, 
or 2200 cylindrical inches, 


or 3300 spherical inches, 
or 6600 conical inches. 


Also, the cubie foot being considered unity, or 1, 


A cylinder 1 foot in diameter and 1 foot 1n length. .--.+-+..sceesccrecceccecs ones == °7854 
A sphere 1 foot in diameter.- RSE0 66 CbN 0 Reba aie eel OEE Bale MOO ee HA MOe ee eee te bess = "523¢ 
And a cone | foot in diameter at the base and 1 foot in height --+-+---+++-++++-- = "261! 


Decimal Approximations, 


FOR FACILITATING CALCULATIONS IN MENSURATION. 


Lineal feet multiplied by 00019 = miles 
“sy ards, 000568 = “ 
Square inches, . 007 = square feet. 
“ yards, 0002067 = acres. 
Circular inches, “ 00546 = square feet. 
Cylindrical inches, “ 0004546 = cubic feet. 
feet, “ 02909 = cubic yards 
Cubic inches, x 00058 = cubic feet. 
“feet, x 03704 = cubic yards. 
. : ‘ 6232 = imperial gallons. 
6c inches, 66 “003607 = ry] 66 
Cylindrical feet,  “ 4°895 = “ 4 
inches, - 0028382 = as ss 
Cubic inches, is 263 = Ibs. avs. of cast iron. 
. . : 281 —— ar wrought do. 
“ s sg "283 =_- “ steel. 
S G 3225 = 7 copper. 
“ a = 3037 = ¢ brass. 
se ef rs 26 = af zine. 
66 66 73 41038 — «6. lead. 
66 6e & 9636 — “ tin. 
66 66 && ‘4908 — 6 mercury. 
Cylindrical inehes, “ 2065 = “ cast iron. 
“ i 2168 = s wrought iron. 
ss “ 2.998 = “ steel. 
66 « 7 9533 = 6s 1 copper. 
6é &< 2385 — iT brass. 
“ss “ce 9049 —_ 6¢ zine. 
ef . *8223 = lead. 
66 66 207 — ec tin. 
= os 3854 = . mercury. 
Avoirdupois lbs, “ 009 = ewts. 
e . 00045 = tons. 
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INSTRUMENTAL ARITHMETIC ; 


OR, UTILITY OF THE SLIDE RULE. 


The slide rule is an instrument by which the greater portion of 
operations in arithmetic and mensuration may be advantageously 
performed, provided the lines of division and gauge points be made 
properly correct, and their several values familiarly understood. 

The lines of division are distinguished by the letters A BCD, 
AB and C being each divided alike, and containing what is termed 
a double radius, or double series of logarithmic numbers, each series 
being supposed to be divided into 1000 equal parts, and distributed 
along the radius in the following manner: 


From 1 to 3 contains re of these parta, being the log. of 2 
6s 66 66 

6 : et pe 46 4 

636 6 ee 7718 T} 6. 

46 . q ts 845 be 7 

8 be 903 6é 8 

9 be 9. 


954 06 
1000 being the whole number. 


The line D, on the improved rules, consists of only a single 
radius; and although of larger radius, the logarithmic series is the 
same, and disposed of along the line in a similar proportion, form- 
ing exactly a line of square roots to the numbers on the lines B C. 


Numeration. 


Numeration teaches us to estimate or properly value the num- 
bers and divisions on the rule in an arithmetical form. 

Their values are all entirely governed by the value set upon the 
first figure, and, being decimally reckoned, advance tenfold from 
the commencement to the termination of each radius: thus, suppose 
1 at the joint be one, the 1 in the middle of the rule is ten, and 1 at 
the end one hundred. Again, suppose 1 at the joint ten, 1 in the 
middle is 300, and 1 or 10 at the end is 1000, &c, the intermediate 
divisions on which complete the whole system of its notation. 


To Multiply Numbers by the Rule. 
Set 1 on B opposite to the multiplier on A; and against the 
number to be multiplied on B is the product on A. 
Multiply 6 by 4. 
Set 1 on B to 4on A: and against 6 on Bis24on A. The slide thus set, against 
70n Bis @onA 
a a 
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To divide Numbers upon the Rule. 


Set the divisor on B to i on A, and against the number to be 
divided on B is the quotient on A. 
Divide 63 by 3. 
Set 3.0n B to 1 on A, and.against 63 on Bis Mon A. 


Proportion, or Ruie of Three Direct. 


Reale. Set the Grst term on B to the secend on A, aad against the 
third upon B is the fourth upaen A. 
1. If 4 yards of cloth cost 38 shillings, what will 30 yards cost at 
the same rate} 
Set 4 an B te.38. on A, and against 30 on B is 285 shillings on.A. 
2. Suppose I pay 8ls. 6d. for 3 cwt. of iron, at what rate is that 
per ton! 1 ton = 20 cui. 
Set 3-upen B to 32°5 upon A, and against 90 upon B is 219 upen A. 


Rule of Three Inverse. 


Rule. Invert the slide, and the seperation is the same as direct 
proportien. 

1. I knew that six men are capable of performing a certain given 
portion of work in eight days, but I want the same performed in 
three: how many men must there be employed! 

Set 6 upen C te 8 upen A, and against 3 upon Cis 86 apen A. 

2. The lever of a safety valve is 20 inches in length, and 5 inches 
between the fixed end and centre of the valve: what weight nrust 
there be placed on the end of the lever to equipoise a force or pres- 
sure of 40 lbs. tending 40 raise the valve§ 

Set & upon C to 4@ upen A, and against Won C is Won A, 

3. If 8f yards of cloth, 13 yards in width, be a sufficient quantity, 
how much will be required of that which is only {ths in width, te 
effeet the same purpose ? 

Set 15 on C to 8°75 on A, and against 8°75 upon C is 15 yards upon A. 


Square and Cube Roots of Numbers. 


On the engineer's rule, when the lines C and D are equal at both 
enda, C is a table of squares, and D a table of roats, as— 
Squares, 1 4 9 16 BG 3 49 64 BlonC. 
Bouts, 123 4 5 8 7 6 BonD. 
To find the geometrical mean proportion between two numbers. 


Set one of the numbers upon C to the same number upen D, and 
against the other number upon C is the mean number or side of an 
equal square upon D. 

Required the mean proportion between 20 and 45. 

Bet 2% upen C to 20 upon D, and against 45 upen C ie 38 on D. 
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To eube any number, set the number upon C to 1 or 10 upm D, 
and against the same number upon D is the cube number upon C. 
Required the cube of 4. 


Set 4 upon C to lor 16 upen D, and against 4 upon D as 64 wpen C. 


To extract the cube root of any number, invert the slide, and set 
the number upon B to 1 or 10 upon D, and where two numbers of 
equal value coincide, on the lines BD, is the root of the given 
number. 

Required the cube root of 64. 

Bete upon B to 1 or 10 upon D, and against 4 upon B is €f upon D, or root of the given 
tum der. 


On the common rule, when 1 in the middle of the line C is set 
opposite to 10 on D, then C is a table of squares, and D a table of 
roots. 

To cube any number by this rule, set the number upon C to 10 
upon D, and against the same number upon D is the cube upon C. 


Mensuration of Surface. 


1. Squares, Rectangles, ce. 

Rule. When the length is given in feet, and the breadth in 
inches, set the breadth on B to 12 on A; and against the length on 
A is the content in square feet on B. 

If the dimensions are all inches, set the breadth on B to 144 upon 
A; and against the length upon A isthe number of square feet on B- 

Required the content of a board 15 inches broad and 14 feet long. 

Set 16 upon B to 12 upon A; and against 14 upon A is 175 square feet on B 


2. Circles, Polygons, &e. 


Rule. Set 7854 upon C to 1 or 10 upon D> then will the lines 
C and D be a table of areas and diameters. 


Areas, 314 708 1756 1963 W827 3848 50°25 63°63 upon C. 
Diameters, 2 8 4 5 6 7 8 9 upen D 
In the common rule, set “7854 on C to 10 on D; then C is a line 
or table of areas, and D of diameters, as before. 
Set 7 upon B to 22 upon A; then B and A form or become a 
table of diameters and circumferences of circles. 
Circumferences, S14 623 9°42 12°68 157 1885 @2 238 WR upen A. 
Diameters, 1 2 3 4 § é 7 8 9 upon B. 
Polygons from 8 to 12 sides. Set the gauge-point upon C to I or 
1} upon D; and against the length of one side upen D is the area 
upon C. 
Sides, 3 56 6 T 8 8 
Gauge-points, ‘433 1'7 26 363 482 6't9 
Required the area of an equilateral triangle, each side 12 inches 
in length. 
Set ‘433 upart € to? upon D; and against 22 upon D are 62'S square inches wpon C. 


to a Y2. 
769 987 11'RY. 
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WABLE OF GAUGE-POINTS FOR YEE ENGINERE'S RULE 


Hames FKP PLL EE] Pea) ba || F. 1. 

Cubic inches . . | 578 88 |1728 | 106 1273 |) 105 | 1218 
Cubiefeet, . - . | 2 A434] 111833 22] 120° 83 
Imperial gallona, . | 163 231 | 277 | 294 | 353 |, 306 | 529 
Water in Tos, . . | 16° 23! 2761 293 | 352 4 305 | 598 
Gald “= | 814 1175 | 141 | 149 178 |, 155 | 269 
Salver . . 15 26; 261 | 276 B84 1 286 5 
Mercary . . 118 269 | 203 | 216 2584 225 | 388 
Brass . . | 198 477 | 888 | 354 ' 424 ¢ B69 | 637 
yepper ie 18° 26 | 319 | 332 297 4 345 | 596 
Lea - - | 141 | 203 | 243 | 258 «081 | 27 | 4665 
- . 4 207 ; 297 | 357 | 338 453) 394 | 682 

. . | 222; 32) 384] 407 , 489) 428 | 733 

- . 4219 315 | 378 | 401 | 481} 479 | 728 

. . $202 2929 | 352 |] 372 448 1 385 | 671 

. - $127 183) 22{ 33! 28 4/242; 42 

- - $591) 85 | 1024 116! asd ads | 495 

Freestone . « $682 915] 11/1262! 144/141 | 28 


FOR THE COMMON SLIDE RULE. 


‘Names. 


Cubic inehea, 
Cubic feet, . 
Water én hha, 
Geld 
Silver 
Mereury 


Copper 
Lea 
Wre't iron 
Cast“ 


’&¢e 6 & © © ® © & © & © & & 8 
se¢.se & 6 © & © & & & &© & & 8 
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Mensuration of Solidity and Capacity. 


General Rule. Set the length upon B to the gauge-point upon 
| A; and against the side of the square, or diameter on D, are the 
' oubie contents, or weight in lbs. on C. 

1. Required the cubic contents of a tree 30 feet in length, and 10 
inches quarter girt. 

| Set 2 ape B to M4 the gauge-point) upon A; and aguinst 10 upon D is 20°75 feet 
upon 

2. In a cylinder 9 inches in length and 7 inches diameter, how 

many cubic inches ¢ 

Set 9 upon B to 1273 (the gauge-point) upon A; and against 7 on D ig 346 inches on C. | 

¢ What is the weight of a bar of cast iron 3 inches square, and 6 

feet long? 
Set 6 upon B to 82 (the gauge-point) upon A; and against 2-upoo D is 168 Ibs. upon C. ; 


By the common rule. 
| 4. ee Were the weight of a cylinder of wrought iron 10 inelies: 
' long, and 54 diameter. 
Benes 10 upon Bto 3 (the gauge- -poant) upon A; and against 536 upon D is 66°65 Ibe. 


5 What is the weight of a dry rope 25 yards long, and 4 inches 
circumference ¢ 

Set & upon B to 47 (the eauge-peint) upon A ; and against 4 on Dis 53°16 Ibe. en C. | 

6. What is the weight of a short linked chain 80 yards in length, | 
and ;5,ths of an inch in diameter? 

Set = upon B to &2 (the gauge-point) upan A; and against 6 on P is 1239'S lbs. en C. 


oe ee - 


Land Surveying. 


If the dimensions taken are in chains, the gauge-point is 1 er 10; 
if in perches, 160; and if in yards, 4840. 
Rule. Set the ‘length upon B to the gauge-point on A; and. 
against the breadth upon A is the content in acres upon 
*. Required the number of acres or contents of a field 20 ehains' 
50 links 1 in length, and 4 chains 40 links in breadth. 
Set 20:5 0n Bto 1 on A; and against 4°4 on A is 9 acres on B. 


2. In a piece of ground 440 yards long, and 44 bread, how many 


| 

| 

| acres? 

| Set 440 upon B to 4810 on A; and against 41 on A is 4 acres on B 
| 8 


Power of Steam-Engines. 


Condensing Engines —Rule. Set 8°5 on C to 10 on D; then D is: 
a line of diameters for eylinders, and C the iam nomber 
of horse power ; thus, 


Howe power, . 33 en C. 
ee 20 in. 10% 1" 13% 1534 7 eX 2% F eX 2934 33% oT en DR 
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The same is effected on the common rule by setting 5 on C to 12 
on D. 

Non-condensing Lngines.—Rule, Set the pressure of steam in lbs. 
per square inch on B to 4 upon A; and against the cylinder’s 
diameter on D is the number of horse power upon C. ~ | 

Required the power of an engine, when the cylinder is 20 inches 
diameter, and steam 30 lbs. per square inch. 


Set 300n Bte4ana; and against 20 un D is 30 horse power on Cc. 


The same is effected. on the common rule by settiag the force of 
the steam on B to 250 on A. 


Of Engine Boilers. 
How many superficial. feet are contained in a boiler 28 feet in 
length and 5} in width? 
Set 1 upon B to 2 upen A; and against $5 upon B is 128°5 square feet upon A. 


If 5 square feet of boiler surface be sufficient for each horse 
power, how many horse power of engine is the boiler equal to? 


Set 5 upon B te 18°35 upen A; and against 1 upon B is 25°5 upen A. 


The Laws of Motion. 
If M = mass of a material body, 
And W= the weight of it. 
~ W=M x 32:19; 


Or the mass of a body is equal to its weight divided by 32°19. 
Exampte. Find the weight of a body whose mass is 34: 


~~ W=35 x 32:19 = 112°66 lbs 


The gravity of a material body is its weight. Falling bodies fall 
through the same space in the same time, whatever may be their 
weight. A body one ton will fall to the ground no faster than a 
body one pound. 

The velocity of a body is the number of feet passed over in one 
second. 

Put v = the velocity of a falling body, at the end of ¢ seconds , 


0 = 8219 xo 
The quantity 3219 is the velocity of a falling body at the end of 
one second. 
Rale, to find the Velocity of a Falling Body at the end of any 
Number of Seconds. 


Multiply the number of seconds by 32°19, the product will be the 
velocity. : 


— 
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Exampre. Find the velecity of a body falling from a height ia| 

nine seconds : 

Veloetty = 82°19 « 9 == 280-71. 

Pot s for the number of feet a falling body falls threagh in #. 
seconds = 

_, 82-19 


ee ey “4 


2 
Rule to find the Space parsed over by a Falling Body im Nunaber 
fi pace pas Deg tclek g Body in amy 


e 


Sqeare the nember of seconds, and multiply the result by 56-09, 
the product will be the distance passed over in feet. 
Examete. Ai stone fell frem the tep of a ehimmey to the bottom 
- in fowr seeonds ; find the height of the chimaey: 
Height of chimney == 16:09 x 16 = 257-44 feet. 


? 


64°30 


Rule to find the Space passed over by « Falling Body whew the 
Velocity 18 given. 
| Square the velocity, and divide by 64:39; the quotient will be 
' the nunaber of feet paseed over. 

The quantity 32°19 ie frequently ealled the aceelerating foree e 
gravity, and is denoted by £ Fhe following formule include all 
euses: that ean occur in falling bodies. 

* fv oF | 


$ == space passed: over ==" org = oF" 


&=— 


, where v is the velocity. 


| w = velocity at the. end of (¢)} seconds afta i! = 2fe; 


‘ v 28 
{= times:— az =, /25, 
f f 
ye ow 2% 
~~ £° Qe 


The above formule and rules are applicable only te the ense| 
when the body is: acted upon by the force of gravity. 


Rules and Formule when a body is acted om by any toree. 
' Put M= mass acted on by 2 force of F’ pounds. | 
«= velucity at the end ef a second, whict is ealled acee-| 
lerating feree. 

3 = space oe over im (f)} secenda, preducing a velo- 
eity (v). 


ee ce ns et: 


Ripeeue cee De 

rn) se ie ’ 
Ke Me oo 
And 2s=7 ar a : ‘ s*] 


| _ j 
: Rule for finding .the acnslarating force of a body. 
Divide the force by the masg (remembering that mass is equal t 
iweight divided by 32°19) of the yelocity- by the time, eithe 
| quotient will give the accelerating force. 
' Exawbun. A foree oft: Wei acts on 4 body whoee weight i is 84 Hoe 
\ Find the accelerating force. 


84 
ayy | The mass = 55 5- = 9°6 nearly; 


« 25 
| a = Teg = 9°62 nearly. 
. The yelocity at the end of 10 seconds =-9°62 x 10 =~ 96'3,. 


Time of a Body falling down an Inclined Plane, 
| Let ABC be an inclined plane, ‘BO per- 
pendfeular, and A B parallel to the horizon. 

‘The velocity at A in ae ee down 4 C is 
i the same as it ‘would ‘be in‘ falling perpen- 
| dieularly down the heignt BC. 


F Rut ¢ = tim time in fallin from..C te A. . 
@ = AC the length of the inlined plane... tants. gees Veh, 
| h = BC the height of ditt. 
. t— wo " so 
. LFa 


Let A DEB be a circle whose diameter A 2 is. 
perpe rpendicular to the horizon. The times of a 
| body falling down any chords 4D, A # are equal, 
‘and equal to the time in falling vertically tirough 
lA B. 

! The Time of Oscillation of a Simple Pendulum. 

Let A B the length of the pendulum = 4 - ae tine 

And 2 = 3°14159, d&e.; g = 32°19 | 


T = time in eons oscillating from the point - 
B to D. 


The are BC c=C CDi is small. 


_ate(4 ya C D 
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Rule to find the Time of one Oscillation of a Simple Pendulum. 


Divide the length of the pendulam by 32°19; extract the square 
root of this quotient, and multiply the resalt by 3°1416, and the pro- 
duct will be the time of oscillation in seconds. 

If L be the length of a peadalum which oscillates in one second, 


i yt 
T= (=) ; 

The value of L for the latitude of London is 39-1386 inehes. A 
pendulum 932, 473, 2;%5 inches long, will oscillate in a half, a 
third, a quarter seconds respectively. 

If n be the number of oscillations made Ivy 2 pendulum in one 
hour, then 

i = 36007 x E 


n* 
The time of oscillation is not dependent on the weight of the bob. 


Centrifugal Foree. | 
a“ Let the weight W, placed at B, be eonnected 


\ with a cord, or wire, with the fixed point 4 
B round which it revolves with a uniform ve- 
locity. 


Put V = velocity of rotation. 
r = A B, the length of the cord in feet. 


¥F = centrifugal force, or the foree which is exerted to break the 
eord in the direction of its length. 


oe! 0 
~ 8219 x r° 
If 2 be the number of revolutions in one minute, 
_ 838i. : 
F= 1000000" x Wrn 


If W be measured in tons, then F' will be in tons also, 
If w be the angular velocity, 


“o F= on 
If 7’ be the time of the weight making a complete revolution, 
.. 0 = angular velocity = oa =t Z 


If there be several bodies at B, C, D, and re- 
volving round the axis Lae 8 through .A, and 
o perpendicular to the plane 4 D BC, 


‘Tus Laws or Moriox. a 


aPat{ews Wer W?+ de | 
g 


Where » = angular velocity, W*; W*; W?, &e.; the weights 4 
BCD, &c, and 7', r’, 7’, &c, the distances 4B, AC, AD, bc 
Exampir Let the weights at B and C be 80 and 90 lbs. respec 
tively, revolving at a distance A B= 8 feet, A C = 12 feet, with : 
velocity making 40 revolutions per minute. Find the centrifuga 
force, or the pressure on the axis passing through 4. 
_ oe x 40 4r 
~ €0 ~ 3° 
aFa*{s x 80 + 12 x 90 | = 30178 Ibe 
The moment of inertia . 
Wf Ww, + We + Ws + &c) I =W, L, + W; ra + Wg rs" + da 


Each side of this oe is called the moment of inertia, and 


the distance & is called the radius of gyration of the revolving 
system. 


Let a constant force F act at a distance A f= «4 from the axi 
of motion. 


The angular velocity at the end of a second 
= 9 Fa 
~ (W, + Wat Wy + &c) BP 
The anguler velocity at the end of one revolutions 
. - 2Vq Far 
YW, + Wet Wi + do xk 
If a peint O be determined from the equation 
ie 
AO Te 7 
where @ is the centre of gravity of the system, then O is called the 
centre of oscilation. 
The valuen of k in Geometrical Solids 


A reetangular parallelopipedon revolving about an axis yassing 
thruugh its centre of gravity, and parallel to either of its edges. 


P+ 2" 
aa ha 


1 
+ 


where be are the length and breadth at right angles to the axis of 
revolution. 

An upright triangular prism about a vertica) axis passing throug) 
its centre of gravity. 


a  ¢ 
B= o~ +o: 


sa rigs hat 
Ly 


fie Jae: Laws ar..Motian, 


The section, of the prism perpendieular to ‘the revolving axis is 

| an isosceles ttisngle; the base being denoted by (a) and the per-. 

penteulee upon it from the angle contained by the equal sides} 
y (e) . Ce gis 


| In a eylinder, whose radius is (x), revalving about its axis, 


| Tne hollow eylinder, whoee internal end external radit are « and, 
 & respectively, revolving about its axis, . | 


? 2 ee amas « 
sf pg HEY mo: eae" fae 
! 2 


4 


In a eylinder, whose radius is r and length 2, revelving porn a 


Tine at right angles to ité axis, and passing through its mi die, 
a Pye | 
# — 12 + 4° 
Ina sphere, whose radius is . revolving abeut. ite diameter, 
ee 7 a | 
aT 


In a hellow sphere, whose internal and external radii are (a} and 
(4) respectively, revolving about its diameter, 


oo va pr 2 4) i ht . 
os 5(a° — a4" me Sy a i 
In a cone, whose base is a cirele, radius ¥, 
rs sr eg 


~ 10 - 


In a eone, whose radius of base is x and height B, revolving about 
a tine at right angles to ita axis, and passing through, its centra of 


gravity, te we 
pa? (4 x7 + by. 
8U 
The square of the radius ef gyration about any line in a revolv- 


ing system, is equal to the square of the radius of gyration about a 
line parallel to it passing through the centre of gravity and the 


otic of the distance from, the-pentre of gravity to the line about /. 
which the system yevolves. ‘+ © 


| 
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Let @ be the centre of gravity of any body; 
draw AB any line about which the system re- 
volvea, Let @ D be parallel to 4B and draw 
G H perpendicular to A B. 


Let K=radtas of gyration when revolving 


about A B. 
&=radius of gyration when revolving 
about C D. | 


~ =k + G He. 
This important theorem will readily extend the theorems which 
|are given above to most practical casea. 


The Centre of Gyration 


is that part of « body revolving about an azxia, into which, tf the 
whole quantaty of matier ware collected, dhe same moving force would 
generate the same angular velocity. 


To find the centre of Gyration, multiply the weight of the several 
particles by the squares of their distances from the centre of 
motion, and divide the sum of the products by the weight of the 
whole mass; the square root: of the quotient will be the distance 
of the centre of gyration, from the centre of motion. 

The distances of the centre of gyration from the centre of 
motion, of different revolving bodies, are as follows: 

In a straight rod revolving about one end, the length x ‘5773: 

In a circular plate, revolving on its centre, the radius x “7071. 

In a circular plate, revolving about one diameter, the radius x ‘5. 

In a thin circular ring, revolving about one diameter, radius 
x 4071. 

In a solid sphere, revolving about one diameter, the radius 
x °6325. 

In a thin hollow sphere, revolving about one diameter, the radius 
x "8164. : 

In a cone, revolving about its axis, the radius of the base x 
5477. 
| In a right-angled cone, revolving about its vertex, the height 

x °836. 

i In a paraboloid, revolving about its axis, the radius of the base 
: x 6773. 


The Centre of Percussion 
is that point in a body revolving ahout a fixed aris, into which the 
whole of the force or motion is collected. 


It is, therefore, that point of a revolving body which would 
strike any obstacle with the greatest effect; and, from this pro- 
perty, it has received the name of the centre of percussion... : 


ti 
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The centres of oscillation and. percusciam aro-in thtisahe poinil 

If.a heavy straight bar, of uniform: density, be suspendetl at one}. 
extremity, the distance of its rentre: af. percussion is two-thirds of 
ita length. eee Sie 

Ta a long leatee xod of,.a ‘eylinguical .or. puamatic shape, the 
centre of percussion is nearly two-thirds of the length from the axis} 
of suspension. ee ae ae ae es 

In an, isoeceles triangle, saspended by its apex,.the distance of 
the centre of percussion is three-fourths of its.altitude. :{n.a line or} 
rod whose density: varies as the djstance from the point of suspen- 
sion, also in a fly-wlieel, and in wheels in general, the centre of 
percussion is distant from the centre of suspension three-fourths of 
the length. 

In a very slender cone or pyramid, vibrating, abeut its apex, the 
distance of its centre of percussion is nearly four-fifths of its length. 


Gun Work. 


A unit ef work is one pound avoirdupois raised vertically one 
foot. : eft. a3 oe faye . ¥ : a ee ‘ a ee < 6 
If U denotes the units of work in raiding W Ibe. k feet— 


»  UOsmWa 


Rule to find the Units of Work in Raising. «given Weight « given 
ot - Height. ) 

Maltiply the a in feet by the.-weight in pounds, the product 
will be the units of work done. 

Examete Find the units of work in raising half.a ton 30. feet 
high. : . ee . ma , 

-. O=1120 x 30 = 38600 units of work. x 

It is important to observe, in the application of the above for- 
mula to practical eases, that the height (/) is the vertical distance 
through which the centre of gravity of the body whose weight is 
( W) is raised. 


Exanpie. Find the units of work in lowering the surface of 


a 


oebes 


The weight of a cubic foot of-water is #2} Ibs - 
The weight of water = 9 x “7854 x 3 x 62°5 = 1525-36 Ibs. 
The height through which the centre of gravity is raised = 415 
feet. pe eee , , 
. U= 182536 x 41°5 = 55002 units of work. 


The work done in raising a body up an inclined plane, or any 
curved surface, is equal to the work done in raising the body ver- 
tically through the height of the inelined plana. 

There are 29000: units of work done in. sawing a equare foot of 
green oak. a ie & ; ih 


a 


- > 3 
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Horse Power. 
A horse power is 33000 units of work done in one minute. 


Pat #1, ‘equal to the horse power, and VU, the units of work done, 
in 7 hours: 


- .. 88000 H' = cor’ 
The following results are taken from Morte 7 
‘ A Man Jaboring: Bight, Heursa. per Day wall perform.the. following 


Units of Work. 
Raising his own body, . nr erie: 9511) 
. Drawipg, or pushing horizontally, ; - .8120 
Pushing and drawing ie in a vertical direction, . 23880 
Turning a handle, ; : : . 2600 


Working with his arms and lege, a as in rowing, ; : - 4000 
A Man laboring Six Hours per Dey 

Raising material with a.pulley, .  . . : - 1560 

| Raising material with the haads, . | -., 1470 

| Raising material upoa the back, and returning anphy 1126 
A Man laboring Ten Hours per Day. 

Raising material with a wheelbarrow on ramps,. . . 1720 

Throwing earth to the height of five feet, .  ... °°.  . 470 

Useful Work of a Man raising -Wates—Duration, of Labor, Eight 
ours per Day. 


With a windlass from ‘deep wells, ~  « « 2560 
With an npright chain Bam 7 oe ww a LUO 
| With a Chinese whieel, . ge ; : -° 2167 
With an Archimedean serew, we : > 1505 
Raising water from a well with a pail and rope, wee «(1084 
sd Work of Animals. ; 
A — in @ common papEns nes Pte: “Sua » 17550 
A mule, ditto, . .- a oe ae . 11700 
‘An ass, ditto, ~ . e 2K Se oe z ~. 8510 


Examp.e. Required ‘the horae power of an engine that will 
saw ‘868 planks, each being 80 feet: by 2 feet 6 inches, in twelve 
hours. : 

“Tere! are 29000 unite ef work dene in sawing one. square foot; 

Then 80 x 2°5 x sii x ae = nae of “cre done in sawing 
the planks. . ; ‘ 

Put 2 = the horse powat of the engine ; 

Then 60 x 12 x 88000: x 2 = unite of — done by the een 
in twelve hours: : 


4 se 2:5 x. 368. x 29000 


" Heaes, ¢.a. = = $87 hdiso power.:: 


"60 x 12 -x 98000: . = sa 
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ExamPLe. How many tons of coals would two men raise, work- 
ing with a wheel and axle, from a pit whose depth is 20 yards, in 
12 hours 

From the Table, a man working with a wheel and axle will do 
2600 unita of work in one minute. 

Then, 2600 x 60 x 12 X 2 = work done by the two men. 

Put 2 = the tons of coals raised. 

Then, 2240 x 20 x 38 x x = work done by the two men, 


2600 x 60 x 12 x 2 ; 
“9240 x 20x8 = 27°85 tons raised. 


The Traction of Horses at various rates of Travelling. 
It is a well known fact, that the traction or force which a horse 
can exert decreases with the increase of speed. 
Rate in miles per hour, 2 8 84 4 44 5 
Force exerted by the horse, 166 lbs. 125 104, 83, 62}, 41}. 


. Accumulated Work. 

If a force be applied to move a body subject to no resistance 
whatever, it will be wholly occupied in increasing the speed of the 
body. In this case the work which is done by the action of the 
force apples is accumulated in the body, therefore it is called accu- 
mulated work. 

Put V = the velocity of the body or feet per second. 

Aud W = the weight of the body in unde 


3 
Accumulated work = ~y ’ 
If W be measured in tons, and V be measured in miles per hour, 


Accumulated work = sin Ww rv? 


A railway train 80 tons moves uniformly at the rate of 30 miles 
per hour, find the accumulated work. 


Accumulated work = ——~ 5° * °° — saaosoo, 
5420800 
The ho f t ine = ——__ = : 
rse power of the engine a 164 nearly 


3 
_ Generally the horse power of the engine = at where W 
Is in tons and V in miles per hour. 83750 


The friction of a railway train is from 8 to 10 Ibs. per ton. 


Work done by Machines. 
The moving power, which is applied to any machine moving uni- 
formly, is employed in overcoming the resistance of friction, and 
useful work done at the working points of the machine. Hence, 


eee =. so = : : faite 


4/08 Work, _ 87 


ie aggregate nutaber of units of useful work yielded by any 
machine at-its working point is less than the nomiber rece#ved upon 


the machine directly from the moving power, by the number of 


units expended: pon the resistance of friction. (The machine 
moving uniformly. )- 5 Q 


General Rule to find the Work done by any Machine, 


Find the distance through which the power (P) applied to the 
machine has travelled in ene minute, and let this distance be 
called (a). 

Find the distance through which the. eight (W), producing 


| useful work, has travelléd in on minute, | and ;let this distance 
] be (8). 


Then a P—& W= work done b fiction, per minute. 
And a P = work applied per minute. .-. 
56W= een work done per minute, u ! 


Tie Horse Power of an Hagine 


Let P be the mean effective epaly of the steam on the piston. | 
-. 2 be the léength of the stroke info... 


nm be the number of strokes per minute. 


nl P | 
83000 - ; 


—— as adopted by the Admiralty. 


7 


-v Horse power ef the engine = ———. 


The nominal horse power = ae 5000 


Hi. tl OnitheSpeenyth. of: Animals, 


Let P be the force in = that any sina can — when 
moving dt (v) miles per 

Put K = the greatest effort the animal can exert when standing. 

And c = the greatest number of miles per hour the animal can 
give itselfvhen unimpeded by any wéight. = - . 

According to eaters = =) _ +). ae 


ae ie ¢. 


Eule, “P=(1— =). kK 


. oe on : ; : a 
“ Ealer, P aU =) a. 6 
eS ee Cea se : 
“tes is redidily a thet (vy) miles per hour is equal to (88 9) feet per 
tatcalt *~ Put U the units of work done by the animal per minute, 
he ep ve ha pe ; 


Then, enna to prea ==: 88 (vw Sy . EK. 
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3 
According to Euler, U = 88 (vu — *) _ X. 


2 
sg Euler, U = 88v(1 — +) 


The values of U will be the greatest when 
v= According to Bouguer. 


2 
v= ay, “s Euler, 
V3 
| = = “. Euler. 


Substitute these values in the formula for P and JU, then there 
will result : 


K . 
= the load of the anima] when producing the greatest effect. 


2 
2 = « « “ 
3 
4K _ Y 7 « 
9 
22 c K = the greatest effect, by first formula, 
Weck wee 
ive. : by second formula, 
85 2ck ; 
a = i by third formula. 


To Calculate the Different Parts of a Crane 
as respects Mechanical Advantage. 


(1.) The number of revolutions of the pinion to one of the wheel, 
the length of the handle, and the force applied being given, to 
Jind the diameter of the barrel. 7 


Rute. Multiply the diameter of the circle described by the 
winch, or handle, in inchea, by the power applied in Ibs, and by 
the number of revalutions of the pinion to one of the wheel; divide 
this product by the weight to be raised in lbs., and the quotient is 
the diameter of the barrel in inches. 
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(2) The diameter of the barrel, the length of the handle, and the force 
applied given, to find the nuniber of revolutions of the ptnion 
to one of the wheel. | 

Rutz. Multiply the weight to be raised in Ibs. by the diameter 
of the barrel in inches, and divide the product by the diameter of 
the cirele described by the handle in inches, multiplied by the 
power applied in lba, and the quotient is the revolutions of the 
pinion to one of the wheel. 


(3.) The diameter o the barrel, the number of revolutions of the pinion 
to one of the wheel, and the power applied given, to find the 
length of the handles. 

Rute Multiply the weight to be raised in lbs. by the barrel’s 
diameter in inches, and divide the product by the power applied in 

Ibs., multiplied by the number of revolutions ef the pinion to one of 

the wheel, and half the quotient is the length of the handles. 


(4.) The diameter of the barrel, the revolutions of the pinion to one of 
the wheel, and length of handles given, to find the power 
required. 

Rutz. Multiply the weight to be raised in Ibs. by the diameter 

! of the barre] in inches, and divide the product by the diameter of 

the circle described by the handle multiplied by the revolutions 

of the pinion to one of the wheel, and the quotient is the power 
applied. 

The handles of a crane should not be less than 2 feet 11 inches or 8 


| feet from the ground, and the jib to stand at an angle of about 45 
degrees. 


Equilibrium and Pressure of Beams. 


The Parallelogram of Forces. 


It has been proved by experiment. that three forces, proportional 
to the two sides of a parallelogram and its diagonal, are in a state 
of equilibrium when their directions are in the direction of these 
lines. 

Let two forces, represented in direc- 
tion and magnitude by the lines AO 
and BO, act. at the point 0, then a 
third force CO in direction and magni- 
tude can be found, so that the three 
| forces are in a state of equilibrium. 

Draw A D, BD, parallel to O B, O A, 
respectively ; join DQ, and. produce. it 
to C, making C’O equal to OD, then 
O C is the force required. 

The two forces 4 O, BO are called 
components, and C’ O the resultant of the 
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componenta. The: components aud xequitant.are called’ the para)- 
lelogram of forces. 

Any resultant force can be readily decomposed into two compo- 
nents, which will be the sides of a parallelogram whose diagonyl is 
the resultant. pe 


_ Let the heams OF, O B sustain a weight 
_: -1( W) tons at, the point 0 ;. draw ‘OD verti- 
eal, and make it equal to (W) inehes,then 
_ draw D A, DB parallel to OF and OF 
5° ‘respectively; measure D 4, D B in Mehes 
4) which will be the pressure in tous in the 
directions O Fand OF. 
In this case F Fis a tie beam to 
7 pereu the lower ends of the 
beams OF, OF from s reading. 
' Draw OD vertically equal to (W’) 
inches; then draw DA, DB pa 
: rallel to OF,..0 & and aA, bB, 
parallel to EF, then..4 DZ. will be 
the thrust in O-F, and D Bin OF, and-Aa equal to 6B will be 
the thrust in the direction of the tieheam HM. | , 


’ 
. . 
+ 6 . ) ‘ i 


t ‘ seg ‘ 
a 


“ .. Draw ' OD: vertieally: eqaat to (W) 
- 3)» dimehgsy and: draw WD4-paralle to OF 
and D B parallel to O Z, then OB: 0:A 
will represent the pressures in the diree- 
tims @ROR, . : 


ef 


- 


Let .A B be a beam whose centre of gravit 
is O, and resting against an upright wall 
BE, the lower end resting on an abutment 
cut in the beam 4 £ at 4. 

Through the centre of gravity OQ draw 
the line OD vertically equal to the veut 
| . of the beam, draw B C, D F parallel to HA 
join C.A; then CF represen‘s the thrust at 4 in the direction 

C F, and FB represents the thrust at B, and also the horizontal 
thrust at A. toy 


To Compute the Tension of es hota > and Shear-leg of a pair of 
; ars, 


Let BC be the shear-leg and A ( the guise, and (W) weight 
in tons supported at C. 


Sprracivio GRAVITY. 6] 


Make C as many inches as ad 
(W) contains tons, draw DF 
paraliel to AC, then DE 
measured in inches will be 
the tension in tons of the cad 
guise AC, and CE measured 
! in inches will be the pressure 
|in the direction of the shear- Ww 
leg CE. a sa 


To Compute the Tension on the guise arithmetically. 
Put 4 B=c, BC =a, and A C= 5. 
a ten ON 
© ¥(a+b-+e) (b+e—a) (a-+e—6) (a+ b—c) 
a (b°++-c?—a?) W 
2e Hat obeabo—eKo-bemaga pend) 


| Then, tension in A C= 


And the pressure in CB = 


SPECIFIC GRAVITY. 


Tax comparative density of various substances, expressed by the 
term Specific Gravity, affords the means of readily determining the 
bulk from the known weight, or the weight from the known bulk; 
and this will be found more especially useful, in cases where the 
substance is too large to admit of being weighed, or too irregular in 
shape to allow of correct measurement. The standard with which 

| all solids and liquids are thus compared, is that of distilled water, 
one cubie foot of which weighs’ 1000 ounces avoirdupois; and the 
specific gravity of a solid meey ts determined by the difference 
between its weight in the air and in water, Thus, 

H the body be heavier than water, it will displace a quantity of 
fluid equal to it in bulk, and will lose as much weight on immer- 

‘gion as that of an equal bulk of the fluid. Let it be weighed first, 
therefore, in the air, and then in water, and its weight in the air be 

i divided by the difference between the two weights, and the 
quotient will be its specific gravity, that of water being unity. 


Hzample. A piece of eopper ore weighs 56} ounces in the air, 
| and 433 ounces in water: required its specific gravity. : 
56°25 — 43°75 = 12°5 and 56°25 + 12°5 = 4°5, the specific gravity. 


If the body be dighter than water it will float, and displace a 
quantity of fluid equal to it in weighé, the bulk of which will be 
equal to that only of the part immersed. A heavier eee 
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must therefore be attached to it, so that the two may sink in thel. 
fluid. Then, the weight of the lighter substance-in the air must be 
‘added to that of the Ieavier substance in water, and the weight of 
both united, in water, be subtracted from the sum; the weight of 
the lighter body in_the air must then:be divided by the difference, 
and the quotient will be the specific gravity of the lighter substance 
required. 

xample. A piece of fir weighs 40 ounces in the air, and, being 
immersed in water attached to a piece of iron weighing 80 ounces, 
the ¢wo together are found to weigh 3°38 eunces in water, and the 
iron alone 25:8 ounces in the water: required the specific gravity 
of the wood. 

40 + 25°8 = 65 8— 8°38 = 62:5; and 40+ 62°5 =.0°64, the spe- 
cific gravity of the fir. 

The specific gravity of a fluid may be determined by taking a 
solid body, heavy enough to sink in the fluid, and of known specific 
gravity, and weighing it both in the air and in the fluid. The dif- 
erence between the two weights must be multiplied by the specific 
gravity of the solid body, and the product divided by the weight 
of the solid in the air; the quotient will be the specific gravity of 
the fluid, that of water being unity. 

Example. Required the specific gravity of a given mixture of 
muriatic acid and water; a piece of glass, the specific gravity of 
which is 8', weighing 3g ounces when ‘immersed in it, and 6 ounces 
in the air. 

6— 3°75 = 2°25 x 8 = 675 + 6 = 1°125, the specific gravity. 

Since the weight of a cubic foot of distilled water, at the tempe- 
rature of 60 degrees (Fahrenheit), has been ascertained to be 1000 
avoirdupois ounces, it follows that the specific gravities of all bodies 
compared with it, may be made to express the weight, in ounces, 
of a cubic foot of each, by multiplying these specific gravities 
(compared with that of water as unity) by 1000. Thus, that of 
water being 1, and that of silver, as compared with it, being 10°474, 
the multiplication of each by 1000 will give 1000 ounces for the 
cubic foot of water, and 10474 ounces for the cubic foot of silver, 


Taste or Sprorwrio Graviries— Water = 1000, 


Metale. Mercury, . . . . 18686 Crown giass,. . . 9488 
Antimony, . . . $112)  OrgenioBodier | neck Srystal, > | 2688 
ic, eee er : WwW eo 6 € 925 ° 
Cask Ikea,  * Tao ror ii ee eas Diamonds, » 8801 

itive. Jay Bs tap « Tl \Ivory,. . . . . 1826 Liquids, 

Bteel . . . 7816 | White wax, . . . 0960 ree ke ais 
Bien ir Saeaseaaey 589 Inorgantc Non-Metallic | On of turpentine, . 0-870 
Bilver,. 2... 10474 Bodies. _ |Seawater, . . . 1926 
Lead, . . . . . 11-858 Agate... . . . 2500 Milk 1030 


Gold, . .. . . 19208| Amber, 


: . 5 LL 1078! Nitric actd, ©. 5 1608 
Platinum,. ; 2 , 90887 |Sulpbur, . . . . aves! 


Sulpharic acid, . » 1665 


Tax Meouwanica. Powrns. 68 


——————____—-—-- 


Weights of given bulke of water and air for calculating the absolute 
weighis from the specific gravities of bodies, 


Cubic inch of distilled water (bar. 30, therm. 62) Logarithms, 

in grains ......252°458 © 2°40219 
Boe foot ..c0-0.sccceeee ein Ounces avoir, 997°1869691 | 2°99875 
ee ecceccccceccscecsesedn pounds do.  62°3210606 | 1°794638 
Weight of 100 cubic in. of air in grains do. 80°49 148416 


THE MECHANICAL POWERS, AND THEIR 
APPLICATION. 


Tae simple Mechanical Powers are six in number, viz. the Lever, 
the Pulley, the Wheel and Azie, the Inclined Plane, the Wedge, and 
the Screw. All machines ‘ate formed by combinations to a greater 
or less extent of these six elements. The mechanical effects, how- 
ever, of the whole, are ultimately resolvable into that of the lever. 

By nreans of the Mechanical bower & great weight may be eus- 
tained, or a great resistance slowly overcome, by: the application of 
asmall force. Or, a great velocity may be imparted to a small 
weight or resistance, by the use of a great force or power. 


The Lever. 


Levers are of three orders: 

In the first order, the fulerum is between the weight and the 
wer. 

In the second order, the weight is between the fulcrum and the 


a Spee EC SS 


ower 
Z In the third order, the power is between the weight and the 
falerum. : 

The bent lever has no peculiarity except that of form, which is 
given to it for convenience in use. Its properties are those of the | 
firet. order. 

In erder to preserve an equilibrium between the power and the 
weight, they must be to each other inversgly as their distances from | 
the fulcrum. 


Case 1. When the Lever'ss of the first order, or when the fulerum 
is between the power and the weight. 


' Burk’ Divide the weight to be raised ‘by the power to be applied; 
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the quotient will give the difference of leverage necessary to support 
the weight in equilibrio. Hence, a small addition either of lever: 
age or weight will cause the power to preponderate. 

Exampce 1. A ball weighing 3 tons is to be raised by 4 men, who 
ean exert a force of 12 cwi. Required the proportionate length of 
lever, 60 

8 tons = 60 cwt.; and a 5. 


In this example, the proportionate lengths of the lever to main- 
tain the weight in equilibrio, are as 5 to 1. But, although the ball 
is sustained by a force of only one fifth of its weight, no power is 
gained, for the weight passes through only one fifth of the space 
passed through by the power. _ ii: 

Exampie 2. A weight of 1 ton is to be raised with a lever 8 feet 
in length, by a man who can exert, for a short time, a force of rather 
more than 4 cwt. Required at what part of the lever the fulcrum 
must be placed. 


20 ewt. 
4 ewt. 


8 
5x 1 


Exampte 38. A weight of 40 lbs, is placed one foot from the ful- 
crum of a lever. Required the power to raise the same when the 
length of the lever on the other side of the fulcrum is five feet. 


40x 1 
5 


= 5; i.e, the weight is to the power as 5 to 1; therefore, 


== 1 foot and a third from the weight. 


= 8 lbs, the power, 


Case 2. When the lever te of the second order, or when the fulcrum 
is at one end of the lever and the power at the other, with the weight! 
between them. 

Rute As the distance between the power and the fulcrum is 
to the distance between the weight and the fulcrum, so is the effect 
to the power. 

Exampce 1. Required the power necessary to raise 120 Ibs. when 
the weight is placed six feet from the power and two feet from the 


fulcrum. 
As 8 : 2 :; 120: 30 Ibs, the power. 


ExampLe 2. A beam 20 feet in length, and supported at both 
ends, bears a weight of two tons at the distance of eight feet from 
one end. Required the weight on each suppert. 


40 ore —_ a 16 cwt. on the support that is furthest from the 


40 x 12 


= 24 ewt, on the support nearest to the weight, 


weight; and 


0 
90 feet 
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Case 3. When the lever't of' the third .ayder, or the weight is at one 
end of the lever, the fulcrum at the other, and the power ts appiiea 
between them. j 


Rue. As the distance between the power and the fulcrum is 
to the length of the lever, so is the weight to the power. 

Examp.e. The length of the lever being eight feet, and the weight 
at its extremity 60 lbs, required the power to be applied six feet 
from the fulcrum to raise it, 

As 6:8 :: 60: 80 Ibs, Ans. 


The Pulley. 


Pulleys are of two kinds, fixed and movable. 

The fixed pulley affords no economy of power, but merely changes 
its direction. The movable pulley ehanges its position with that of 
the weight, and effects a saving equal to half the power. An equi- 
librium is preserved between the power and weight, when the 
Weight is equal to’the:preduet of: the-pewer and twicd the number 
of movable pulleys. ee 

Rute. Divide the weight to be raised by twice the number of 
pulleys in the lower block; the qyotient will give the power neces- 
sary to raise the weight. 

ampte. Required the power to raise 600 Ibs: when the lower 
block contains six pulleys, : 


600 =i 
ex a7 50 Ibs., the power. | 


The Wheel and Axle. 


The whéel and axle act as a revolving lever; and in order to 
obtain an equilibrium between the power acting on the circum- 
ference of the wheel,.and the weight or resistance acted on by the 
circumference of the axle, the power must be to the weight as the 
radius of the axle is to that of the wheel, One or more radii of the 
wheel, or winches, are often substituted for the wheel in the simple 
machine; and in compound machines the action is communicated 
by teeth or cogs, forming wheel-and-pinion work. | 

| Ruiz. As the radius of the wheel is to the radius of the axle, so 
is the effect tothe power. "| ee s 

Exampte. A weight of 50 Ibs. is exerted on the periphery of a 
wheel whose radius is 10 feet: “Required the weight:raised at the 
ey of a cord weund round the axle, the radfus, being 20 
inches. 


50 Iba. x 10 feet x 12 inches 


= 800 Iba, the weight. 
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The Inclined Plane. 


The inclined plane acts aa a mechanical power by sustaining a 
portion of the weight to be raised, while the direction of the 
applied force is changed from the perpendicular to one more or less 
horizontal, and the weight moves upwards on it in a diagonal 
between them. Equilibrium is sustained when the power is to the 
weight as the perpendicular height of the inclined plane is to its 
inclined length or hypothenuse, when the power acts in a direction 
pet to the inclination of the.plane; but as the height is to the 

ase when in a direction parallel to the base. 

Rute. As the length of the plane is to its height; so is the weight 
to the power. ys 

Exampte. Required the power necessary to raise 540 Ibs. up an 
inclined plane 5 feet long and 2 feet high. 


As 5: 2 3: 540 : 216 Ibs, the power. 


The length, in the above rule, must represent. that of the inclined 
surface, or of the base, accordingly as the power acts parallel to 
either of these surfaces. 


The Wedge. 


The wedge may be regarded as two inclined planes, united by a 
common base, acting on two weights or resistances at once, or on a 
fulcrum and a weight, between which it moves, generally, in prac- 
tice, by the impulse of successive blows. ; 

As in the inclined plane, equilibrium consists in the power being 
to the resistance as the back of the wedge is to its length, or to the 
length of its side, accordingly as the resistance acts perpendicularly 
to the central line of length or to that of the side. 


Case 1. When two bodies are forced from one another by means of 
a wedge, in a direction parallel to its back. 

Rug. As the length of the wedge is to half its back or head, so 
is the resistance to the power. : 

Exampce. The breadth of the back or head of the wedge being 3 
inches, and the length of either of its inclined sides 10 inches, 
required the power necessary to separate two substances with a 
force of 150 lbs. 


As 10: 14 :: 150: 22} Ibs, the power. 


Case 2. When only one of the bodies is movable. 
Rutz. As the length of the wedge is to its back or head, so is the 
resistance to the power. 
Exampie. The breadth, length, and foree, the same.as in the last 
example. 
As 10: 8 :: 150: 45 Ibs, the power. 
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The Screw. 


gy 


The screw is an inclined plane, and may be supposed to be gene- 
rated by wrapping a triangle, or an inclined plane, round a cylinder. 
The base of the triangle is the circumference of the cylinder; its 
height, the distance between two consecutive cords or threads; and 
the hypothenuse forms the spiral cord or inclined plane. 

Rute. To the square of the circumference of the screw, add the 
square of the distance between two threads, and extract the square 
root of the sum: this will give the length of the inclined plane. 
Its height is the distance between two consecutive cords or threads. 

When a winch or lever is applied to turn the screw, the power of 
the screw is as the circle described by the handle of the winch, or 
lever, to the internal or distance between the ‘spirals. : 


Case 1. When the weight to be raised is given, to find the power. 


Rute. Multiply the weight by the distance between two threads 
of the screw, and divide the product by the circumference of the 
eircle described by the lever. The quotient is the power. 

ExampcLe. Required the power to be applied to the end of a lever 
three feet long, to raise a weight of five tons with a screw of 1} 
inch between the threads, 


11200 Ibs. x 1°25 


aoe ero be th " 
86 inches x 2 x 3°1416 gee ale 


Case 2. When the power is given, to find the weight it will raise. 


Rote Multiply the power by the circumference of the circle 
described by the lever, and divide the product by the distance 
between two threads of the screw: the quotient will be the weight. 
The example is the converse of that in the former case, 


a oo seen 


To Hazvrn anp Pottso ALasaster.—l, Take a strong solution of 
alum, strain it, and put it into a wooden trough sufficiently large to 
contain the figure, which must be suspended in it by means of a 
thread of silk; let it rest until a sufficient quantity of the salt is 
crystallized on the cast, then withdraw it, and polish it with a 
clean cloth and water. 

2. Take white wax, melt it in a convenient vessel, and dip the; 
cast or figure into it; withdraw, and repeat the operation of, 
dipping until the liquid wax rests upon the surface of the cast; 
ania it cool and dry, when it must be polished with a clean 

rus 
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TOOTHED WHEEIS. 


The pitch (or the distance between the centres of two-contiguous 
teeth) of cog-wheels is measured on the pitch-line, or extreme cir- 
eumference of the wheel; and the distance between that line and 
the centre of the ¢irele is reckoned as the radéus of the wheel. 

The following rules have been laid down for the diameters and 
number of teeth for wheels and pinions. 


Ruts l. 


As the number of teeth in the wheel + 2°25, 
Is to the diameter of the wheel, 

So is the number of teeth in the pinion + 1°5, 
To the diameter of the pinion. 


ExaMPLe. Given the number of teeth in the wheel = 210, the 


diameter of the wheel = 25 inches, and the number. of teeth in -the f 


pinion = 80, to find the diameter of the pinion. 
As 210 + 2°85 : 25 :: 80 + 15: 8°7102, = the diameter of the 
pinion. 
Rote 2. 
As the number of teeth in the wheel + 2°25, 
Is to the diameter of the wheel, 
So is (No. of teeth in pinion + No. of teeth in wheel) +.2; 
To the distance of their centres. 

Exampte: Given the number of teeth in the wheel=210, the 
diameter of the wheel = 25 inches, and the number of teeth.in the 
pinion = 380, to find the distanve at which their centres should be 
placed. 


1 ; i 
30 = 210 e 14°1842 inches, = the distance 


As 210 + 2°25: 25 :: 
of their centres. 


On the Velocity of Wheels, Drums, Pulleys, 
&c. 


When wheels are applied to communieate motion from one part 
of a machine to another, their teeth act alternately on each other; 
consequently, if one wheel contains 60 teeth and another 20, the 
one containing 20 teeth will make three reyolutions, while the 
other makes but one; and if drums or pulleys are taken in place of 
wheels, the result will be the same, because their circumferences, 
describing equal spaces, render their revolutions unequel; from this 
the rule is derived, namely, 


Tooturp WHreEe. 69 


Multiply the velocity of the driver by the number of teeth it 
contains, and divide by the velocity of the driven: the quotient 
will be the number of teeth it ought to contain. Or, multiply the 
velocity of the driver by its diameter, and divide by the velocity of 
the driven; the quotient will be the diameter of the driven. 

If the velocities of driver and driven are given with the distance 
of their centres, 
Then the sum of the velocities: ie babel :: distance 
radius of driven. 
radius of driver, 


ExamMpce l. If 3 whee] that contains 75 teeth makes 16 revolu- 
tions per minute, required the number of teeth in another to work 
in it, and make 24 revolutions in the same time. 


16 
Here 1x 


of centres : 


= 50 teeth. = Ana. 


Exampre 2. A wheel, 64 inches diameter, and making 42 revolu- 
tions per minute, is to give motion to a shaft at the rate of 77 revo- 
lutions in the same time ; required the diameter of a wheel suitable 
for that purpose. 

64 x 42 


Here 
vi 


Exampre 8. Required the number of revolutions per minute 
made by a wheel or pulley 20 inches diameter, when driven by 
another of 4 feet diameter, and making 46 revulutions per minute. 


Here = a 
20 


= $49 inches. == Ams. 


= 1104 revolutions. = Ane. 


Examp.e 4. A shaft, at the rate of 22 revolutions per minute, is 
to give motion, by a pair of wheels, to another shaft at the rate of 
154; the distance of the shafts from ceutre to centre is 454 inches; 
the diameters of the wheels at the pitch lines are required. 

Be te, Claes ce _22 x 455 ees 
Here 22 + 15°5 ; 22::45'5 tn. : 994155 = 26°69 in. 
the radius of the driven wheel; which, doubled, gives 53°38 inches, 
the diameter, =I1st Ana. 

Therefore 45:5 inches—26°69 inches = 18 81 inches, the radius of 
ve driver; which, doubled, gives 37°62 inches, the diameter.=2d 

na. 

Exampte 5. Suppose a drum to make 20 revolutions per minute, 
required the diameter of another to make 68 revolutions in the 
same time. 

Here 58 +- 20 = 2°9, that is, their diameters must be as 2°9 to 1; 
thus, if the one making 20 revolutions be called 30 inches, the other 
will be 80 + 2°9 = 10°345 inches diameter. 


ann SS a a een ieee 


70 Toornkp WdaEEIA. 


Examrte 6, Required the diameter of a pulley, to make: 124 

revolutions in the same time as one of 32 inches making 26. 
82 x 26 
12°5 . 

Examptr 7, A shaft, at the rate of 16 revolutions per minute, is 
to give motion to a piece of machinery, at the rate of 81 revolutions 
in the same time; the motion is to be communicated by means of 
two gearing wheels and two pulleys, with an intermediate shaft ; 
the driving whee! contains 54 teeth, and the driving pulley on the 
axis of the driven wheel is 25 inches diameter ; required the number 
of teeth in the other wheel, and the diameter of the other pulley. 

Let the driven wheel have a velocity of 36, a mean proportional 
between the extreme velocities 16 and 81; 

16 x 54 

36 
Ist Ane. | 


And S “ = 11°11 inches, diameter of the driven pulley.=| 
2d Ans. 


EXAMPLE 8. Suppose in the. last example the revolutions of one 
of the wheels to be given, the number of teeth in both, and like- 
wise the diameter of each pulley, to find the revolutions of the last 
pulley, 
16 x 54 
Here 34 


86 x 25 
*% TTT 


Here == 66°56 inches diameter. 


then, 


= 24, the number of teeth in the driven wheel.= 


= 86, velocity of the intermediate shaft.= Ans. 


= 81, the velocity of the machine. 
cern enti ctntetin 


Gotp Lusrre ror Stone-ware—Gold, 6 parts; aqua regia, 86 
parts. Dissolve: then add, tin, 1 part. Next add balsam of sul- 
phur, 8 parts; oil of turpentine, 1 part. Mix gradually in a mortar, 
1 and rub it in until the mixture becomes hard; then add oi] of tur. 
pentine, 4 parts It is then ready to be applied to a ground 
prepared for the purpose. 


To Prrarry Woop, &.—Take equal quantities of gem-salt, rock- 
alum, white vinegar, chalk, and pebbles powdered. Mix all these 
ingredients: there will happen an ebullition. [f after it is over, 
you throw into this liquor any peor matter, and leave it there 
soaking four or five days, they wi 


positively turn into petrifactions, 
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STEAM POWER AND THE STEAM-ENGINE. 


Sream is of great utility as a productive gqurce of motive power ; 
in this respect, its properties are—elastic force, expansive force, 
and reduction by' condensation. Elastic signifies the whole urgency 
or power the ateam is capable of exerting with undiminished effect. 
By expansive force is generally understood the amount of diminish- 
ing effect of the steam on the piston of a steam-engine, reckoning 
from that point of the stroke where the steam of uniform elastic 
force is cut off but it is more preperly the ferce which steam is 
capable of exerting, when expanded to a known number of times 
its original bulk. And condenaation, here understood,.is.the abstrac- 
tion or reduction of heat by another body, and consequently not 
properly a contained property of the steam, but an effect produced 
by combined agency, in which steam is the panels ; because any 
colder body will extract the heat and produce condensation, but 
steam cannot be so beneficially replaced by any other fluid capable 
of maintaining equal results. 

The rules formed by experimenters, as corresponding with the 
results of their experiments on the elastic force of steam at given 
temperatures vary, but approximate so closely, that the following 
rule, because of being simple, may ia practicé -be taken in ‘prefer- 
ence to any other: 

Rutz To the temperature of the steam,.in degrees of Fahrenheit, 
add 100; divide the sum by 177; and the 6th power of the 
quotient will equal the force.in inches of mercury. . 

Examprte Required the force of steam. corresponding to a tem- 
perature of 312°. 


312 + 100 
V7 


a a A A SSSR 


== 2'827'7°= 159 inches of mercury. 


To Estimate the Amount of Advantage Gained by Using Steam 
Expansively in a Ateam-Kngine. 


When steam of a uniform elastic force is employed throughout 
the whole ascent or descent of the piston, the amount of effect pro- 
duced is as the quantity of steam expended. But let the steam be 
shut off at any portion of the stroke—say, for instance, at one half 
—it expands by degrees until the termination of the stroke, and 
then exerts half its original force; hence an accumulation of effect 
in proportion to the quantity of steam.. 

Rove. Divide the length of the stroke by the distance or space 
into which the dense steam is admitted, and find the hyperbolic 
logarithm of the quotient, to which add 1; and the sum is the ratio 
of the gain. 

. ExaMpty,. Suppase an engine. with a. stroke. of 6. feet; and the 
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steam cut off when the piston has moved through 2; required the 
ratio of gain by uniform and expansive force 
6-+ 2= 3; hyperbolic logarithm of 3 = 1-0986 + 1 = 2-0986, 
ratio of effect ; that is, supposing the whole effect of the steam 
to be 3, the effect by the steam being cut off at + = 2:0986. 


Again, let the greatest elastic force of steam in the cylinder of an 
engine equal 48 Ibs. per square inch, and let it be cut off from 
entering the cylinder when the piston has moved 44 inches, the 
whole stroke being 18; required an equivalent force of the steam 
throughout the whole stroke. 


18 + 45 = 4, and 48 + 4=12 
Logarithm of 4 + 1 = 2-88629. 
Then 2°38629 x 12 = 28°635 lbs. per square inch. 


In regard to the other case of expansion, when the temperature 
is constant, the bulk is inversely as the pressure; thus, suppose 
steam at 30 lbs. per square inch, required its bulk to that of original 
bulk, when expanded so as to retain a pressure equal to that of the 
atmosphere, or 15 Ibs. 


15 : oe 
+” == 8 times its original bulk. 


It is because of the latent heat in steam, or water in an aériform 
state, that it becomes of such essential service in heating, boiling, 
drying, &e. In the heating of buildings, ite economy, efticiency, 
and simplicity of application are alike acknowledged; the steam 
being simply conducted through all the departments by pipes, by 
extent of circulation condenses—the latent heat being thus given to 
the pipes, and diffused by radiation. In boiling, its efficiency is 
considerably increased, if advantage be taken of sufficiently inclos- 
ing the fluid, and reducing the pressure on its surface, by means of 
an air-pump. Thus, water in a vacuum boils at about a tempera- 
ture of 98°; and in sugar refining, where such means are employed, 
the syrup is boiled at 150°. 

The latent heat of steam at the common pressure of the atmo- 
sphere, according to very accurate experiments, 18 found to be 
1000°; and we know that the sensible, or thermometric heat = 
212°. Now 212°— 82° = 180°, and 1000° + 180° = 1180°; there- 
fore, steam at 212° is simply highly rarified water, and contains 
1180° of heat; hence, to find ie latoat heat of steam at any other 
temperature, subtract the sensible heat from 1180°, and add 32° = 
the latent heat. 


aie Required the latent heat of steam whose sensible heat 
1s 224°, 


1180° — 294° — 956°, 
And 956° + 82° = 988° latent heat. 


A cubic inch of water produces about 1700 cubie inches of steam 
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at 212°, or the eommon pressure of the atmosphere; but the boiling 
point varies considerably with the pressure on the surface of the 
fluid; thus, in a vacuum, water boils at about 90°; under common 
pressure, at 212°; and when pressed with a column of mercury 4 
inches in height, at 216°; each inch of mercury producing by its 
pressure a rise of about 1° in the thermometer. 

The pressure or force of steam in the boiler (less than the weight 
upon the safety-valve) is generally indicated by a column of mer- 
cury in a bent iron tube, which causes the range of the float to be 
only half the range of the mercury, 2 inches of mercury being 
nearly equal to 1 lb. pressure of steam in the boiler, thus: 


Each inch rise of the float indicates & pressure of nearly t Ib. 


! ——Level of the mercury when there is no force of steam above the 
pressure of the atmosphere. 


To Calculate the Effect of a Lever and Weight upon the 
Ve Safety- Valve .of a Steam-Boiler, Le. 

The lever, under all circumstances, is balanced by a known weight 
or weights, on the short end; making its point: of ‘rest:on the valve 
the centre of motion; so that the weight, added to that of the 
lever, is the effective weight upon the valve, independent of any 
other additional weight, thus: 


There are three different ways that it may be required to caleu-. 
late the lever: 


1. When a certain pressure is required upon the valve, the distance 
| of the weight upon the lever, and the distance of the valve from the 
‘centre of motion given, to find what weight will be required upon 
| the lever at that distance. 
From the preasure on the valve in Ibs, subtract the weight of the 
| valve in Ibs. and the effective weight of the lever, multiply the. 
remainder by the distance between the fulerum and the valve, and 
divide the product by the distance between the fulerum and the 


7 
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weight, and the quotient is the weight in Iba required to be placed 
upon the lever at that distance. 

2. When a certain pressure is required upon the valve, the weight 
upon the lever and divans of the valve ‘fron the centre of alin 
given, to find where that weight must be placed. 

From the required weight upon the valve in Jbs. take the weight 
of the valve, add the effective weight of the lever, multiply the 
remainder by the distance between the fulcrum and the valve and 
divide the product by the weight in lbs. upon the lever, and the 
quotient is the distance in inches from the fulcrum that the weight 
must be placed. 

3. When the distance of weight, distance of valve from the centre 
of motion, and weight upon the lever are given, to find what pressure 
ts upon that valve. 

Multiply the weight in lbs. upon the lever by the distance in 
inches to the fulcrum, divide the product by the distance between 
the fulerum and the valve, and the quotient, plus the weight of the 
valve and effective weight of the lever, SHAE the weight upon the 
valve in lbs. 

Examp.e 1. Suppose the lever A B (as above) to be 24 inches in 
length, and the valve C placed 5 inches from the centre of motion 
A, what weight must be placed upon the lever 20 inches from A, to 
equal 80 lbs., on the valve C, the weight of the lever being 2 lbs, 
the weight D, which balances the lever, 4} Iba, and the weight of 
the valve 3 Ibs. f 

2 Iba weight of the lever. 
45 “ to balance ditto. 
3 “ weight of the valve. 


9°5 ibs. 
Then 


80—9°5 x 5 


= 17-625 Iba 


Exampre 2. Suppose the weight upon the lever equal 17°625 Iba, 
it is required at what distance from A the weight must be placed 
to equal 80 lbs. at O. 

80 —95 x 5 
17-625 

Examp.e 3. Suppose, as before, that a weight of 17°625 lbs, is 
placed upon the lever 20 inches from A, required the pressure at 
C, the distance from the centre of motion being 5 inches, and the 
effective weight of the lever at that point equal 6} Ibs. also the 
weight of the valve 3 Ibs. 


17625 x 20 — 405 


+ 65 
+ 8 
= 80 lbs 


= 20 inches. 
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To Find the Proper Diameter for a Safety- Valve. 


Multiply the bottom surface of the boiler, or surface immediately 
exposed to the action of the fire, in feet, by the multiplier opposite 
to the pressure in Ibs. on each square inch of the safety-valve, and 
the square root of the product is the valve’s diameter in inches at 
the narrowest part. If the boiler is to have two safety-valves, then 
the square root of half the product equal the. diameter of each. 


Pressure in lbs. Pressure in lds. 


per square inch. Multipliers. | per square inch. Multipliers. 
BZ cecwccsccccccvecesesscosecces a ’ cove wees cece mene tcecececeses 315 
4 COR SEO SESE OOCEAHHORHOEE. BORE | ee. | ie 2 ere @etocets “306 
5 ceescccccccsccesovesccerscces ‘348 QR cccrcrnccsaccvcccscrcsccsene "293 
6 Pere VETEeePRL ere ert See "844 BO sevcnveccccccsncevaseses beee “239 
J coca ccccensccvecccesssvecsens 339 BR cvccccsccccscscvsrccesesecce 282 
8 ° 336 40 eeace Der ersaseorecenervengene °275 
1B ecovcvvccccccescscceccecsaces "329 4B cccverecvnccoeevecccavececns 270 
12 ee. eeoseseeeenseoereseesnsese 321 §0 Seoaee seas eoeseananeegeeesesanes 264 


In constructing steam-engines, the following simple rue for 
obtaining the nominal horse power is now generally adopted : 

The area of the cylinder in square inches multiplied by 7 Iba. 

ressure, multiplied into the speed of the piston in feet per minute, 

ivided by 830v0, equal the nominal horse power. 


a | — = nominal H. P. 


The length of stroke and relative speed of piston, and number of 
revolutions per minute, will be found by the following table. In 
calculating the gross horse power developed in any cylinder, as 
shown by the tndicator, it has been customary to allow one-tenth, 
and sometimes one-eighth, for friction ; this is now very properly 
abandoned, and the following rule for calculating the indicator 
diagram should be always adopted: the mean pressure as shown 
on the card, multiplied mto the area of the cylinder, multiplied 
into the speed of piston, in feet per minute, when the card was 
taken; this product, divided by 33000, will give the gross or indi- 
cated horse power ; 


in. ft. 

For 8 0 stroke 80 revolutions per minute = 180 per minute. 
36 “© OF “ = 189 ‘ 
40 “ 244 «“ =196 « 
46 “ 99% “ = 204 
5 0 “ 21 es = 210 z 
5 6 *“ 194 “ =216 “* 
6 0. “ 184. “ =— 292 « 
66 « 172 « = 226 « 
"0 * 16} « = 231 “ 
7 6 “ 18%} « = 286 " 
8 0 “ 15 s = 240 
8 6 “ 14% « =244 « 
9 0 66 133 “ = 247 66 
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The Air-Pump. The diameter of the air-pump should be a little 
more than half the diameter of the cylinder, or the diameter of the 
cylinder in inches multiplied uy ‘6 will give the diameter of the 
air-pump in inches, the length of stroke to be one-half the length 
of stroke of the piston, 

The Condenser should never be less than half the capacity of the 
cylinder; and in engines where the pressure on the boiler ranges 
from twelve to twenty pounds on the square inch, a much larger 
condenser should be given. 

The foot and delivery-valve passages should have an area of one- 
third of the air-pump. __ 

The Steam-Ports. The area of the steam-ports on the cylinder 
should never be less than one-twentieth of the area of the cylinder. 
If the speed of the piston is above 250 feet per minute, the ports 
should never be less than one-fourteenth the area of the cylinders. 

The Cold-Water Pump, The capacity of the cold-water pump 
should be not less than one-thirty-sixth of the capacity of the 
cylinder. 

The Fly-Wheel. To find the weight of the fly-wheel rim the 
following practical rule is generally adopted: 
Horse power of the engine x 2000 = 
' (velocity of circumference of wheel in feet per second) 2 
the weight of the fly-wheel in ewts. 


The Fly-Wheel, or Crank-Shaft. The nominal horse power of 
the engine and speed of the shaft being given, the diameter of this 
shaft, whether cast or wrought iron, will be found in the Zabies of 
Strength of Shafts. | 

The Governor. To find the number of revolutions, divide 375 by 
the square root of the length of the pendulum; half of this quotient 
is the number of revolutions the balls ought to make per minute. _ 

To find the length of the pendulum, divide 375 by twice the 
number of revolutions; the quotient squared is the length of the 
pendulum, 

General Proportions of Locomotive Engines. 

For the area of the steam-ports when the stroke is 18 inches, the 
teat of the diameter of the cylinder x ‘068 = the area in square 
inches. 

For the area of the eduction ports, the square of the diameter of 
the cylinder in inches x ‘128 = the area in square inches. 

The breadth of the bridges between the eduction ports and the 
induction = 3 ineh and 1 inch, 

The diameter of the chimney = the diameter of the cylinder. 

For the area of the fire-grate, the diameter of the cylinder in 
inches x, “77 = the area in superficial feet. 


For the effective heating-surfave of the boiler, the aquare of the 
diameter of the cylinder in inches x 5 + 2 = area in square feet. 
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For the diameter of the feed-pump ram, the square of the diameter 
of the cylinder in inches x 01] = the diameter in inches. 

For the cubical content of the steam-room, the square of the diame- 
ter of the cylinder in inches x 9-+-40=content in cubic feet. 

For the cubical content of inside fire-box above fire-bars, the square 
of the diameter of the cylinder in inches+-4=content in cubic feet. 

For the inside diameter of the steam-pipe, the square of the dia- 
meter of the cylinder in inches x 03 = the diameter in inches. 

For the diameter of the branch steam-pipe, the square of the dia- 
meter of the cylinder in inchea x 021 = the diameter in inches, 

For the diameter of the top of the blast-pipe, the square of the dia- 
meter of the cylinder in inches x 017 = the diameter in inches. 

For the diameter of the feed-pipes, the diameter of the cylinder in 
inches x ‘14] = the diameter in inches. 

For the diameter of the piston-rod, the diameter of the cylinder in 
inches -- 7 = the diameter in inches. 

For the thickness of the piston, the diameter of the cylinder in 
inches x 2 + 7 = the thickness in inches. 

For the diameter of the connecting-rod at the middle, the diameter 
of the cylinder in inches x ‘21 = the diameter in inches. 

For the diameter of the plain part and inside bearing of the crank- 
azle, the cube root of the square of the diameter of the cylinder in 
inches x ‘96 = the diameter in inches. 

For the diameter of the outside bearings of the crank for axle, the 
cube root of the product of the square of the diameter of the 
cylinders in inches x 896 = the diameter in inches. 

For the diameter of the crank-bearing, the diameter of the cylinder 
in inches x -404 = the diameter in inches. 

For the length of the crank-bearing, the diameter of the cylinder 
in inches x ‘233 = the length in inches. 


Remarks on Steam-Engine Boilers and their Proportions. 


For engines designed to give a gross indicator horse power of at 
least twice the nominal horse power, the grate surface should be 
‘66 or °69 square feet per nominal horse power, but may be inereased 
to 75 square feet, and should never be diminished to leas than °60 
square feet as & minimum. 

The area of opening over the bridges or through the tubes, 
should be ‘125 square feet, or 18 square inches per horse power, 
and inay be increased to ‘148 square feet, or 20 square inches with 
advantage, particularly in tubular boilers, and should never be 
diminished to less than 15 square inches, or ‘109 square feet per 
horse power. 

The area of chimney should be -076 square feet, or 11 square 
inches, but may be increased to 13 square inches, and should never 
be diminished to less than 10 square inches per horse power. 
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The heating surface in fire-places dnd flues should be. 14 square 
feet per horse power, exclusive of all bottom surface, but may be 
increased to 15 square feet, and should never be diminished to less 
than 12 square feet per horse power. 

In calculating tubular boilers the whole surface of the tubes 
should be taken, and there should be a total of 17 square feet per 
horse power in the fire-places and tubes. 

In engines designed to work to a gross power in the cylinder by 
the indicator greater than twice the nominal horse power, these 
proportions must be increased ; or, if the reverse be intended, they 
may be diminished in proportion. 


Of the Pressure of Steam, in Inches of Mercury, at Different 


Temperatures. 
L IL III. IV. V. VI. 
Temperature, 
Fahrenheit. Dalton. Ure. ‘Young. Macneill. Tredgold. 
0° 0°08 

10 0°12 

20 0-17 011 

383 0°26 0°20 0°18 . 0°17 

40 0°34 0°25 0°20 0:24 

50 0°49 0°36 0:36 0°36 0:37 

60 0°65 0°52 0°53 0°55 

70 | 0 87 0-73 0°75 0°73 0-78 

80 1°16 - 101 1°05 111 

90 1°59 1°86 1°44 1°36 1°53 
100 2°12 1°86 1°95 2°08 
110 2°79 2°45 2°62 2°46 2°79 
120 3°63 8:30 |: 3°46 3°68 
180 4°71 4:37 4°54 4°41 | 4°81 
140 6°05 5°78 5°88 6°21 
150 7-78 7°58 755. 7°42 7:94 
160 9°79 9°60 9°62 10°05 
170 12°31 12°05 12°14 12°05 12°60 
180 15°88 16°16 15°23 15°67 
190 18°98 19°00 18°96 18°93 19 00 
200 - 23°51 23°60 23°44 23°71 


210 28°82 28°88 28°81 28°81 28°86 
212 80°00 30°00 30°00 80°00 30°00 
220 35°18 35°54 85°19 34°92 
230 44°60 43°10 42°27 |. 42°68 42°00 
240 53°45 51-70 51°66 50°24 
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V. | VL 
Maeneill Tredgold. 

212°0° : 212° 212° 
250°5 240°3 249 250. + 
275°2 271 274. + 
293°7 288 290 294. + 
808-8 302 309. + 
320°4 322.— 
331-7 
342-0 337 342. + 
350-0 
858°9 
8668 

740 372.— 
380-6 
386 9 
392-8 
398°5 
403-8 
408-9 
413-9 : 
418°5 414- 
457°2 
466°6 
$10°8 


Te Prevent Spontaneous Compustion—It is a faet better ascer- 
tained than accounted for, that fixed oils when mixed with any 
light kind of chareoal, or substances eontaining carbon, such as 
eotten, flax, or even wool, which is not of itself inflammable, heat 
by the precess of decomposition, and after remaining in contaet 
seme time, at Jength burst into flame. This spontaneous combus. 
| ¢ien takes place in waste cotten which has been employed to wipe 
| machines, and then thrown away and allowed to accumulate into a 
|eap. We have known an iustance of the kind in a manufactory 
| for spinning wersteda, where the waste wool, or “slubbings,” as it is 
i termed in Yorkshire, was threwn into a corner and neglected. It 
i thea heated, and was on the point of bursting into flame, when the 
attention of the workmen was directed to the heap by the smoke 
and smell. In cotten mills the danger exists in a still greater degree, 
and it is believed that the destruction of many cotton factories ha: 
been oceasioned by this means. The cause of this peculiar property 
of fixed eils deserves more attention than has hitberte been paid ta it. 
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TABLE 


Of the Elastic Force of Steam, and Corresponding Temperatune of the} 
Water with which.tt is in Contaet. ain 


eT gs. eos se ge gos 
s& | S38. | 3282 |$8| 58. | 2838 
pe So}, g&3 eg| #55 | ges 
go | 288 | 288 se | 25 | £82 
4 i (~4 i=} ry a.2 & 
ga gee pat 3 E Ez a= 
Iba. lbs. | 

— 14°T| 8000 | 222-0 49} 9906! 981-9 
16 30°60) | 212°8 f 50 | FO2WOO:} 983-2 
16 $264 | 2163 (1 SE 104704. | 384-4 
17 34°68 ; 2196 | 62 | 10608 | 985% 
18. 86:72 | 222°3 53: | 10812 386.9 
3D 88°76 | 225°6 1 SE | HIO1G | 88s-R ft. 
20. 40-80) | 228°6 | G& | L122] 989 8; | 
21. 42°84 231°2 1 66 1 214°24 | 9006 
22 44:88 | 233°8 54 416°28 | 3OL-7 7 
23. 46-92 | 236°3 | 6&1 bIS-82 / 9392-9 | 
24 48-96. | 238°% && | 120°36 | 294 2 f 
25 SEO | 241°0 | CO» | 222°40 | 395-4 
26 53°04 | 243°3 GR | 12444 | 23969 / 
ZT 65-08 | 245°6 | 62> 32648 | 2939873 |- 
28. 67°12 | 2476 63 { 128°52 | 399-2 | 
29 5916 | 249°6 | 64 | 138056 | 8003 
80 | 61-22 | 251-6 | 6& | 3432°60 | 8018 
31 6324. | 2536 | 66 | 134°64 $024 
32 65-28 | 255°5 1 OF 436°68 | 3084 
33 67°32 | 267°3. 4 6& | 388-72 8044 
84 | 69°36} 259-1 | 62 | 140-76] s05-£ 
35. 41:40. | 260°9 70 / %42°80 3064 | 
36. 43°44 | 2626 “RT 54484 307 ‘4 
37 45:48 | 264°3 42) 14688 | 3084 
38 17°62 | 265-9, “US [ ¥48-92 309°3 
32 49-56. | 267% 74] J60°96 | 820°3 7? 
40) 81°60 | 269°) 75& | 368-02 | 3112 | 
41 83:64 | 2706 %6 | 1655-06 $t2°2 
42. 8568. | 2721 ‘1% T5673 | 313-F | 
43 87°72 | 2736 18 | 59°14 814-0 [ 
44% 89°76. | 2750 79 T6118 814 
45. 91°80 | 276°4 80 16322 $158 
46. 93-84 | QITR 8} 165°26 S167 
47 95°88. | 2792 82 [| 16730 | SITé 
48 Q7°92 | 2805 83 | 26934 SI8°4 


* This inefudes the pressure of the atmesphere. 


Sream Power ayy tus Streay-Encine .- 8) 


hactiate 
TA BL E-(Continged} 
= on : P 

oe i poe ge poy §28 
BE | £85 | 232 Sen | 86 elses 
ef $3 Ftp os ERS (we—> 5 
5¢ REP Ref Bee oof 5 
ss 3 > Boa =" 6 aes |Jegs.> 
pa sce Ee BES ecé ISALSS 
Dy a & > 


19992 | 3303 | 301 
201°96 | 331-3 | 298 
204-01 | $382°0 | 295 
224°40 | 339°2 | 271 
244-82 | 3458 { 251 
265-28 |; BERL |} 233 
285°61 | 857-0) 218 
306°08 | 363°4 | 205 
326°42 | 368-7 | 193 
346°80 | 373 183 
367°25 | 378-4 | 174 
387-61 | 382°9 166 
408-04 |. 3873 |. 158 


gz | 177-50 
gg | 17954 
89 | 181-58 
90 | 183-62. 
91 | 185-66_ 
92 | 187-70 
93 | 189-74 
94 | 191-78 
95 | 193-82. 
96 | 195°86 


ibs. 

84 171-38 
«85 173-42 
86 175°46 
37 497-90 


Of the Force and Temperature of Steam in Atmospheres. 


Atmes. Temp. Fak. Atmes. Temp. Fuk. Athos. 


Famine its anemia 


1 
1 
| TABLE 


Deg. Dog. 
i 358'88 19 413°78 
2 366°85 20 |} 418°46 
3 374-00 Qi | «=—-422°96 
4 380°66 22 A27°28 
5 386-94 23 431-42 
6 392°86 24 435-56 
q 398°48 25 489-34 
2 403'82 eee —. 
9 408°92 50 _ §10°60 


Te writ ov Sitver wirh a BLacKk WHICH WILL NEVER GO OFF.— 
Take burnt lead and pulverize it. Ynoorporate it next with sul- 
phur and vinegar, to the consistency of a painting color, and write 
with it en any silver plate. .Let it dry,. en present it to the fire 
#0 as to heat the werk a little, aad it is finis 


cet, intrest ptt tr ae 
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TABLE 
Of the Heating Power of various Combustible Substances, exhibiting 
the ubuest Quantity of Water evaporated by the Given Weights, 
and the surallest Quautity of Air capable of producing Total Com- 
bustion. 


__ Peunds of Weight of 
Boiling Water |Atmospheric air 


by. k} at 32°, to burn 2 


Specien of Combustible. 
: ‘heas. from he lett , 


Wood, in its ordinary state, . 4-47 
Wood chareggl,. . . . . 11:46 
Piteoal, 2. 2 2 wk 9°26 
Coke, . 1. 1. 2. we ee 11°46. 
AMP, 42 8d Ce ee Ee 4°60 
Turf charcoal, . . 2... 9°36 
Carburetted hydrogen, . . 14°58 
Ou ea, Ba aR ee ck 

Wat ce 6 eS KB Gow 1500 
Tallaw,. . . 2... 

Alcohal of commerce, . . . T1460 


To Earnrate Destance.—Obeerve low many seconds elapse 
between a flash of lightning and the thunder, and multiply them 
by 1142, the number of feet.sound travels in a second, the product 
will be the distance in feet. The same process may be applied to 

the frash and of a gun, er any other sound, provided we can 
ascertain the time at which it is produced, and the interval that 
-elapses' before it reaches the ear. 


'  Filusération. Saw a flash of lightning five peronds before I heard 
.the thunder: required the distance. 


) oe = $2, mile distant. 
_ In the abserce of a watch, the pulsations at the wrist may be 
. counted as seconds, by deducting one from every seven or eight. 


'  Prrewatio DiaMonp Crrstats rox Wrroows.—A hot solution ef 
isulphate. of magnesia, and a clear solution of gwn arabic, mixed 
‘together. Lay it on hot For a margin or for figures; wipe off 
the part. yon wish to remajn. elear with a wet towel. 


Peerecriy Brack Harp Giasa—Plain peste, 606 parte > zaffre, & 
parts; manganese, 3 parts; iron, 3 parts. 
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TABLE 
Of Nominal Horse Power of Low Pressure Engines. 


LENGTH OF STROKE IN FEET. 


iam. of Cylin- 


D 
HwHh . | der in Inches. 
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TABLE 
Of Nominal Horse Power of High Pressure Engines. | 


£% 
aS 
cs LENGTH OF STROKE IN FEET. 
[=i 
gE : 
a t 3% 5 ry % 
2 25 "38 45 "46 "49 
a 3 a) 70) a i) 
3 "57 "87 roi, Fes) = 6r0 
3% "78 V9 W383, 142 Lae 
‘ 1-02 1°56 380 186} 895} 
4k) yg 1°96 2°28] 286) 247) 
5 | 19! 2°4 2'8 288! 306: 
S| 4°93} 2°93 3:42} 3B 36s! 
6 | 2: 3 48 4°05 4°17] 4a} 
6% 4°08 4°77| 489| S16; 
1 3° 74 552] 567; 597) 
Wk) 3" 5°46 ¢383| ¢5)| 6-87, 
8 ry 6°21 TT! 74 7a. 
| 4 9 8'13| 837, 8's2i 
9 5° 786 912] 939) B50. 
gk&| 5 8°76 30°17! 1047/19 OF 
10 ¢ 969 1628] 3162} 32723 
1034) 7 30 68 32°42] «Y2°98) 13°47, 
il 7 13°73 3362, 204) 14°76, 
13, 8° 32°78 34°93! 15°33] Ig 14: 
2 9° 13 95 36°23, 36° 17 53) 
cl) 1S'15 47°58; 3822} 29°08" 
13 10°30 16°38 39°95, 19°59) 2368! 
1344) 41°64 97°67 2052) “115; 22 26! 
1$ | 32 48°99 22°08} 22°74} 23°94 
1436, 3341 20°37 2370; 24°39) 26°62 
15 14 81 21 81 25°25| 26a] 249° 
16 16°33. 24°81 £8 83] 29° Bre: 
17 Is 45) 28°02 $256} 8357 “3, 
18 } 267 31°41 36 58} 37° 99°57. 
19 | 23°04 34°98 40°68; 41°8%| 44°07 
20 | 26°53 38°76 4566, 46 38) 48°54 
22 3u 90 46°t9 5454: 5613) S98 1e' 
24 36°78) 55 83 6469; 6681 7032 
g 43°1 65°52 i617; 78 42| 8253 
23 50°04 55°99 ee'32! $093) 95°78 
30 §7°4 87°21 10140! 104°4 | 1099 
32 65'37 99°24 115 4 | 318°7 | ¥es-e 
34 73°80 112°0 130 2 | 134° | 341°2 
36 | 82°73 125 6 146°0 | 1503 | Isse , 
33 92°16 1369 1627 | 1675 | Wes 
40 | 102°3 155't 180°2 | Ig5@{ tess 
42 | 112°6 170°9 198°7 | 264'6 | 2353 
44 | 1-238 157'6 238 > | 224 £363 
46 | 1250 2046 238'4 | 245°4 | S883 
43} 147 2232 259°6 | 267°2 |} 293 
50 | 1596 242°3 281'6 | 2899 | 205 7 
52 | 1726 2620 3046 | 39135 | 330°@ | 
| 54 | 2864 282'6 328 5 | 338°) | 
66 | ono! 303'9 353°4 | 263°6 | 382'8 
68 | 214°7 325 8 378°9 | 389°7 | 41 
co | 2298 3489 4056 | 417°6 | 4395 
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TABLE 
Of the Revolutions per Mile of Driving Wheels, and Consumption oj 
Stcam and Water for each sized Wheel ; taking the steam admittea 
to each cylinder as exactly one cube foot, ut @ gross pressure of 
98lbs. or 83lba on the spring balance, 


WHEELS. 
: Cylinder of Steam 
per Mile,and | Water per Mile, 
: Consumption, { taking Steam at 
; Revolutious {taking Cylinder at} 94)bs. above 
Diameter. ircam ference. per Mile. one Cube Foot. atmosphere. 

feet. ft. in. No. cube feet. gations. 
10 381 56 168 672 14°0 

94 29 103 176°9 "07-6 14°74 

9 28 84 186°7 746°8 15 55 

84 26 83 197°4 789-6 16°44 

8 25 14 210°1 840-4 17°5 

4 23 62 224 897 °6 18°69 

7 21 11} 240 960 20°0 

64 20 5 258 °6 1084 21°5 

6 18 9°18 280°5 1122 23°87 

54 17 8°88 805 °6 1222°4 25°45 
6 15 8°48 886°3 1844°4 28°0 

44 13 11°1 879-0 14938 °6 81°12 

4 12 6°92 420°8 1680°4 85-0 

8h ll 9°87 441-1 1792°2 87°88 

84 10 11°94 480-1 1920°8 40°0 

3 9 5°08 §60°2 2240 46°67 


Note.— As there are two cylinders at work in a locomotive, consequently there are four 
cylinders of steam for each revolution. 


Mopettine Wax.—This is made of white wax, which is melted 
and mixed with lard to make it malleable. In working it, the 
tools and the board or stone are moistened with water, to prevent 
= adhering; it may be colored to any desirable tint with dry 
color. 
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TABLE 
Of Pressure of Steam, exclusive of that of the Atmosphere. 
PRESSUBE. — ) PRESSURE, 
Tempera- 
jbs.on ) In inehes tbs.com | In inches ture in 
the of In atmo: | the of fm atmo- | degrees o! 


eq.inch {= mmereury. | spheres. 


Se 


sq. inch.’ mercury. | sphews. /Fahrenhei 


! 


t si 10404 3°468 
@2 4°08 53 106'08 3538 

3 s(t BS 168° 3°804 

4 B16 54 tto'l¢ 3 

5 ae72e 56 11220 3748 

r az 56 14°24 3 508 

7 14°% 57 ii¢"23 3°876 

8 16°32 58 11933 3°944 

r 18 3s rr] 120 36 4012 
10 20°19 ‘ a 12240 4 
rT 22°44 "748 6i 124'44 4°148 
12 28°43 Bl¢ 62 128°48 4°26 
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43 87°72 2024 93 199°72 634 837 
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Laxgcep O11, Cianiriep, ror Varnisnes.—Hent in a copper boiler 
$0 galions of linseed oi] to 280° Fah.; add 24 Ibs. of calcined white. 
vitriol, and keep the oil at the above temperature for half an hour; 
then remove it from the fire, and in twenty-four hours decant the 
elear oil, which should stand for a few weeks before it is used for 


varnish. 
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. TABLE 

Of the Pressure on @ square and evrewar Inch, respeetively, exerted 
| by the elastic force of Steam at various degrees of Temperature, with | 
the Height of the column ef Mercury it will support. 


kL PRESSURE ON A SQUARE INCH. |}1. PRESSURE ON A CIRCULAR INCHL 
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AMALGAMS. 


Wuex mercury is alloyed with any metal the. compound is 
called an amalgam of that metal; as, be example, an amalgam of 


tin, biemuth, de. 
Amalgam for Hlectrical Machines. 

1. Fuse 1 oz. of zine with 4 ox of tin, at as low a temperature as 
possible; then add 14 oz of quicksilver, previously made hot; 
mix, pour out, and when cold reduce it to powder, and triturate it 
with sufficient quicksilver to bring it to a proper consistence. 

2. Zine 1 part; tin 1; quicksilver 2. Melt together. 

3. Zine 2 parts; tin 1; mercury 5. 

4. La Beaume's. Pour into a chalked wooden box 6 oz of quick- 
silver; put into an iron ladle 4 oz of beeswax, with 2 oz of puri- 
fied zinc, and 1 oz. of grain tin; set it overa brisk fire, and when 
the metals are melted pour them into the box, avoiding the dross. 
When cold reduce it to powder, and mix it with lard. Keep it in 
a box covered with tallow, and spread it on leather for use. 


Liquid Amalgam for Silecring Globes, ce. 

Pure lead 1 02 ;. grain tin 1 oz; melt in a clean ladle, and imme- 
diately add 1 oz of bismuth. Skim off the dross, remove the ladle 
from the fire, and before the metal sets add 10 oz of quicksilver. 
Stir together, avoiding the fumes. 


Amalgam for Varnishing Plastic Figures. 


Melt 2 oz. of tin with } oz of bismuth, and add } oz of quick- 
silver. When cold grind it with white of egg, and apply to the 
figure 


VARNISHES. 
Preparations of Lee. 


Stick-lac consists of twigs of several kinds of trees encrusted with 
a resinous matter, produced by the puncture of an insect called the 
cocus lacca. This, triturated with water, and dried, forms :eed- 
jlac. ‘The seed-lac, when heated and pressed in cotton bags, furins 

shell-lac. Lac dye is the coloring matter extracted from stick-lac 
by water, and evaporated to dryness, with the addition of earthy 
matters, and formed into square cakes. Seed-lae and shell-lac are 
chiefly uaed.in varnishes, dissulved in rectified spirits, or rectified 
wood naphtha. The slcoboliec solution is rendered paler, so that it 
may be used for polishing light colored woods, by digesting it in 
the sun, or near a fire, for two or three weeks, with good animal 
eharcoai, and then filtering it through paper in a funnel heated 
with hot water. Shell-lac may, be bleached by dissolving it in a 
solution.of potash, or soda, and passing chlorine inte the solution, 
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The precipitated lac is collected, and well washed Kastner 


directs 3 parts of carbonate of potash to be dissolved in 24 of 


water, and 8 of lime added, and the whole digested in a elose vessels [ 


for twenty-four houra) The clear liquor is poured off, and boiled |: 
with 4 parts of shell-lac Wher cold, dilate with 4 times its bulk | 


of water, and falter; then. add chloride of lime, and afterwards 
diluted muriatic acid. With these preliminary remarks we eome 
now to the lacquers, or varnishes. 


The Famous Brilliant French Varnish for Boots end Shoes. 


= 


of powdered gum senegal ; 6 oz. loaf sugar; 2 oz. powdered galls; 


4 oz green copperas. Dissolve the sugar and gum in the wine.| 
When diseolved, strain ; then put it ona slew fire, bemg careful not} 


ta let it boil. In this state put m the galls, eopperas, and the 
atcohol, stirring tt well for five mmutes. Then set off, and when 
nearly cool strain through flannel, and bottle for use. lt is applied 
with a peneil brush. If not sufficiently black a little sulphate of 
iron, and half a pint of a strong decoction of legweod, may be 
added, with .', oz pearlash 


Black Varnish. 


Take 2 of a pint of spirits of wine ; 5 pints white wine; 3 pound| 


Take any varnish, of the class you wish, I6 parts; Jampblaek 2 | 
Grind the black in a small quantity of the varnish, then 


usix it with the remainder. 
Cabinet-makere’ Varnish. 


Pale shell-Iac T00 parts; mastic 65 parts; strongest aleohel 1000 


parts. Dissolve. Dilute with alcohol. 


Callott’s Soft Etching Varnish. 


Linseed oil 8 parts; benzoin 1 part; white wax 2 part Melt 
and keep it heated until reduced to two thirda 


' Pale Carriage Varnish. 


Copal 82 parts; pale oil 80 parts. Fuse and boil until stringy ; 
then add dried white copperas 1 part; litharge 1 part. Boil again, 
then cool a little, and mix in spirits of turpentine 15C parts, Strain. 
While making the foregoing, take of gum animé 82 parts; pale oil 
8 parts; dried sugar of lead 1 part; litharge 1 part; spirits of 
turpentine 170 parts. Pursue the same treatment as befure, and 
mix the two compositions while hot. 


Second Quality of Carriage Varnish. 
Take of gum animé $2 parts; oil 100 parts; spirits of tarpentine 
150 parts; litharge 1 ae dried sugar of lead 1 part; dried cop- 
peras 1 part. Proceed as above. 


Copal Varnish. 
Copal 80 parts; drying oil 25 parts; spirits of turpentine 50 
parte, Put the copal into a vessel capable of holding 200 parte, 
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heated to nearly the boiling point. Mix well, then cool a little, 
and add the spirit of turpentine; again mix well, and cover up 
until the temperature has fallen to 140° Fah.; then strain. 

To Dissolve Copal in Spirit. 

Take the copal and expose it in a vessel formed like a colander 
to the front of a fire, and receive the drops of melted gum in a 
basin of cold water; then well dry them, in a temperature of about 
95° Fah. By treating copal in this way it acquires the property 
of dissolving in alcohol. 


Black Copal Varntsh. 3 
Take lamp-black, or ivory-black, in fine powder, and mix it with 
the varnish. , 
Blue Copal Varnish. | 
Indigo, Prussian blue, blue verditer, or ultra-marine. These 
substances must be powdered fine. Proceed as before. 


: fuse it as quickly as possible, then add the oil, previously 
Fine Pale Copal Varnish. 

' Pale African copal 1 part. Fuse, then add hot pale oil 2 parts 
| Boil until the mixture is stringy, then cool a little, and add 8 parts 


of pale spirits of turpentine. Mix well. 


| 
| Flazen Grey Copal Varnish. 

Ceruse, which forms the ground of the paste, mixed with a small 
quantity of roe earth, as much English red, or carminated 
| lake, and a particle of Prussian blue, and color the varnish there- 
| with. 
| 


Green Copal Varnish. 
Verdigris, crystallized verdigris, compound green (a mixture of 
yellow and blue). The first two require a mixture of white in 
proper proportions, from a fourth to two-thirds, according to the 
itint intended to be given. The white used for this purpose is 
| ceruse, or the white oxide of lead, or Spanish white. Proceed as 
_ before. 
! Improved Copal Varnish. 

Caoutchoucine (white and scentless), strong alcohol, equal parts; 
copal in the proportion of two pounds to a gallon. Digest in a 
' close vessel, without heat, for one week. 


. Pearl Grey Copal Varnish. 

| White and black; white and blue; for example, ceruse and 
‘lamp-black; ceruse and indigo. Mix them with the varnish, 
| according to the tint required. 

: Purple Copal Varnish. 

| Prussian blue and vermilion, or any other blue and red; then 
proceed as before. 
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Red Copal Varnish. 
1. Vermilion, red oxide of lead (minium), red ochre, or Prussian 
red, &c. and proceed as before. 
2. Dragon’s blood, brick red, or Venetian red, &o., and proceed 
as before. 


. , Véolet Copal Varnish, . 
Vermilion, blue, white, in proportions required to color the 
varnish. 
White Copal Varnish. 
Copal 16 parts; melt, and add hot linseed oil 8 parts; spirits of 
turpentine 15 parts; finest white lead to color. 


Yellow Copal Varnish. 


Yellow oxide of lead, or he ps and Montpelier, both reduced to 
impalpable powder. These yellows are hurt by contact with iron or 
steel. In mixing them, therefore, a horn spatula, with a glass 
mortar and pestle, must be employed. Or gum gutte, yellow 
ochre, or Dutch pink, according to the nature and tone of the color 
to be imitated, and proceed aa before. 


Mastic Varnish. 
Gum mastic 5 pounds; spirits of turpentine 2 gallons. Mix with 
a moderate heat (carefully applied) in a close vessel, then add 
pale turpentine varnish 3 pints. Mix well. 


Another. 


Mastic 1 pound; white wax t ounce; oil of turpentine 1 gallon. 
Reduce the wax and mastic small, then digest in a close vessel, with 
heat, until dissolved. 


Common Oil Varnish. 


Resin 4 pounds; genuine beeswax 4 pound; boiled oil 1 gallon. 
Mix with heat, then add spirits of turpentine 2 quarts. 


Turpentine Varnish. 
Resin 1 part; boiled oil 1 part. Melt, then add turpentine 2 
parts. Mix well. 


White Hard Spirit Varnish. 


Gum: eandarach 24 pounds; alcohol (65 op.) 1 gallon. Place 
them in a strong, well closed vessel, and apply the heat of warm 
water, with occasional agitation, until dissolved; then add pale 
turpentine varnish ] pint. Mix well, and let the whole rest for 
twenty-four hours, when it will be ready for use. 


White Spirit Varnish. 
Strongest alcohol 100 parts; sandarach 25 parts; tears mastic 6 
parts; elemi 8 parts; Venice. turpentine 8:parts.. Dissolve in a 
closely corked vessel. ey ae 


4 
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Varnish for Toya. 

Copal 7 parts; mastic 1 part; Venice turpentine 4 part ; strongest 
alcohol 11 alg Dissolve the copal first, with the aid of a little 
t 


camphor, then add the mastic, &c., and thin with alcohol, aa 
required. 


To. Clean Varnish. 


Use a ley of potash, or soda, mixed with a little powdered 
chalk. Do not make the liquor too strong of the alkali. 


To Polish Varnish. 

Take 2 oz powdered tripoli, put it in an earthen pot, with 
water to cover it; then take a piece of white flannel, lay it over a 
piece of cork or rubber, and proceed to polish the varnish, always 
wetting it with the tripoli and water. It will be known when tha 
process is finished by wiping a part of the work with a sponge, and 
observing whether there is a fair even gloss) When this is the 
case, take a bit of mutton suet and tine flour, and clean the wark 


Varnish for Harness. 


Take $ pound of India-rubber; one gallon of spirit of turpen- 
tine; dissolve enough to make it into a jelly; then take equal. 
quantities of good hot linseed ail, and the above mixture. Incor-. 
porate them well on a slow fire, and it is fit for use, 


A Varnish for Fastening the Leather on Ton Rollers in Factories. 
Dissolve 23 0z. of gum arabic in water; and a like amount of 
isinglass dissulved in brandy, and it is fit for use. 


A Varnish to Preserve Glasa from the Rays of the Sun. 
Reduce a quantity of gum tragacanth to fine powder, and let it 
dissolve for twenty-four hours in white of eggs well beat up; then 
rub it gently on the glass with a brush, 


A fine Black Varnish for Coach:s and Iron Work. 

Bitumen of Palestine 2 oz; resin 2 oz; umber 12 oz, Melt; 
them separately, and then mix together over a moderate fire. Then: 
pour upon them, while on the fire, 6 oz clear boiled linseed oil, 
stirring the whole from time to time. Take it off the fire, and: 
when moderately cool pour in 12 oz. of essence of turpentine, - 


Varnish for Clock Faces. : 

Spirits of wine 1 pint; divide it into four parts; mix one part’ 
with 4 an oz of gum mastic in a bottle by itself; one pmt of 
spirit, and 4 oz. gum sandarach in another bottle; and one part spirit | 
and 3 oz. whitest part of gum benzoin. Mix and temper them to, 
suit; if too thick add spirit; if too thin a little mastic; if too soft. 
some sandarach or benz-in, When about to use it warm the sil- 
vered plate before the tire, and with a flat camel-hair pengil. etroke 
it over till no white streaks appear; this will preserve it for many 
years, 
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Brown Varnish. 

Rectified spirit 2 gallons; sandarach 8 peunds ; shell-lac 2 pounds; 
pale turpentine varnish 1 quart. Put them into a tin bottle, cork 
securely, and agitate frequently, pane the tin occasionally in hot 
water till the gum is dissolved, then add a quart of pale turpentine | 
varnish. — . 

Brilliant Amber Spirit Varnish. 

Fused amber 4 0z.; sandarach 4 oz; mastic 4 oz; highly rec- 
tified spirit 1 quart. Expose to the heat of a sand bath, with 
occasional agitation, till dissolved. ‘Fhe amber is fused in a close 
copper vessel, having.a funnel-shaped projection, which passes 
through the bottom of the furnace by which the vessel is heated. 

Chinese Varnish. 

Mastic 2 oz; sandarach 2 0z.; rectified spirit 1 pint. Close the 
matrass with bladder, with a pin hole for the escape of vapor; 
heat to boiling in, 9 sand or water bath, and when dissolved strain 
through linen, " 

Crystal Varnish. 

Picked mastic 4 oz; rectified spirit 1 pint; animal charcoal 1 

oz Digest, and filter. : 
_ Picture Varnish. 

Chio turpentine 2 0z.; mastic 12 oz; camphor 4 drachm; pounded 
glass 4 oz; rectified oil of turpentine 8 pints. This ts for oil 
paintings. . 

Canada Varnish. - 

Clear balsam of Canada 4 oz; eamphene 8 oz. Warm gently, 
and shake together. till dissolved. This varnish is for maps, draw- 
ings, &¢., which muat be first sized over with a solution of isinglass, 
taking care that every part is covered. When dry, the varnish is| 
brushed over it. ) 


Tingry’s Essence Varnish. 

Powdered mastic 12 0z.; pure turpentine 14 ez; camphor 4 oz, ;' 

powdered glass 5 oz,; rectified oil of turpentine 1 quart. 
Common Turpentine Varnish. 


This is merely clear pale resin, dissolved in oil of turpentine ; | 
usually 5 pounds of resin to 7 pounds of turpentine. 


' bok Amber Varnish. 


. 


Amber 16 0z; melt in an iron pot, and add 4 pint of drying 
linseed oil, boiling hot, and add 3 oz resin, and 8 oz. asphalte, each 
in fine powder.. Stir till they are thoroughly incorporated ; 
remove from the fire, and add a pint of warm oil of turpentine. 

Bulloon Varnish. 


Melt india-rubber in small pieces with its weight of boiled 
linseed oil, and thin it with oil of turpentine, 
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Varnish for Engraving on Copper. 

Yellow wax 1: oz; mastic 1 0oz.; asphaltum 4 oz Melt, pot 
into water, and form into balls for use. A softer varnish fc 
engravers is made thus: Tallow 1 part, and 2 of yellow wax; o1 
with 2 oz wax, 1 drachm common turpentine, and 1 drachm oliv 
oil. con 

Etching Varnishes, 

White wax 2 oz; asphaltum 2 oz Melt the wax in a clea 
pipkin, add the asphaitum in powder, and boil to-a proper: con 
sistence. Pour it into warm water, and form it into balls, whic! 
must be kneaded, and put into taffeta for use. 


_ Another. 
White wax 2 oz.; Burgundy pitch 3 0z; black pitch 4 oz; mel 
together, and add by degrees 2 oz. powdered asphaltum, and boi 
it till a drop cooled on a plate becomes brittle. 


Another. 
Equal quantities of linseed oil and mastic, melted together. 
Engraving pplaaiate be Writing on Steel. 

Sulphate of copper 1 oz; . ammoniac4oz Pulverize sepa 
rately, adding a little vermilion to color it, and mix with 14 oz 
vinegar. Rub the steel with soft soap, and write with a hard 
clean pen, without a slit, dipped in the mixture. 

Kitching Fluids, | 

.For Corrrer.—l. Aquafortis 2 oz; water 5 oz Mix. . 

2. Callot’s Hau Forte for Fine Touches—Dissolve 4 parte each o1 
verdigris, alum, sea salt, and sal ammoniac, in 8 parts vinegar; add 
16 parts water, boil for a minute, and let it cool. 

For Sreri.—1]. Iodine 1 oz; iron filings 4:drachm; water 4 oz. 
Digest till the iron is dissotved. : 

2. Pyroligneous acid 4 parts by measure; alcohol ft part. Mix, 
and add 1 part double aquafortis (sp. gr. 1:28). Apply it from 14 


to 15 minutes. 
Varnish for Engraving on Glass. 
Wax 1 oz.; mastic 4 02.; asphaltwm } oz; turpentine 4 drachm. 
Another. 
Mastic 15 parts; turpentine 7; oil of spike 4 
Le Blond’s Varnish. 

Keep 4 pounds baleam of copaiva warm in a sand or water bath, 
and add 16 oz of copal, pot tice fused and coarsely powdered, 
by single ounces, daily, and stir it frequently. When dissolved add 
a little Chio turpentine. 

Sealing Wax Varnish. 

Black or colored sealing wax, broken small, and sufficient recti- 

fied spirit to cover it; digest till dissolved. 
Black Japan. 

Boil together a gallon of boiled linseed oil, 8 oz umber, and 3 

oz. asphaltum. When sufficiently cool thin it with oil of turpentine. 


96 VaARNISHES, 


: Brunswick Black. 
Meit 4 pounds asphaltum, add 2 pounds hot. linseed oil, and when 
sufficiently cool add 1 gallon oil of turpentine. : 


| Varnish for Gun Barrels, after browning them. 

Shell-lac 1 0z; dragon’s blood 3 oz; rectified spirit 1 quart. 
| Dissolve and filter. 

Transfer Varnish. | 

Aleohol 5 oz; pure Venice turpentine 4 0z.; mastic 1 oz. 

Hair Varnish. 

Dissolve 1 part of clippings of pigs’ bristles, or horsehair, in 10 
parts of drying linseed oil, by heat. Fibrous materials (cotton, | 
flax, silk, &c.), imbued with the varnish and dried, are used as a 
substitute for hair cloth, 

Glass Varnish. 

This is a solution of soluble glass, and is thus made: Fuse 
together 15 parts powdered quartz (or fine sand), 10 parts potash, 
and ] charcoal. Pulverize the mass, and expose it for some days to 
the air; treat the whole with cold water, which: removes the 
foreign salts, &c.; boil the residue in 5 parts of water until it 
dissolves, It is permanent in the air, and not dissolved by water. 
This varnish is used to protect wood, &e., from fire. 


Varnish for Gilded Articles. 

Gum-lac 4 parts; dragon’s blood 4; annatto 4; gamboge 4; 
saffron 1. Dissolve each resin separately in 8 parts alcohol, and 
make a separate tincture with the dragon's blood and annatto, also 
in 8 parts alcohol each; then mix the former together, and add a 
sufficient quantity of the tinctures to give the required shade and 
color to the varnish. 

Gold Varnishes. 
Turmeric 1 drachm; gamboge 1 drachm; oil of turpentine 2 
ee ; shell-lac 5 ounces; sandarach 5 oz.; dragon’s blood 7 
rachms; thin mastic varnish 8 oz Digest, with occasional agita- 
tion, for fourteen days, in a warm piace; then set it aside to fine, 
and pour off the clear. 
Another. 

Dutch leaf 1 part; gamboge 4; gum dragon 4; proof spirit 18. 

Macerate for twelve hours, then grind on a stone slab. 
Varnish for Water Color Drawings. 
Canada balsam 1 pint; oil cf turpentine 2 parts, mixed. Size 
the drawing before applying the varnish. 
Earthenware Varnish. 
Flint glass 1 part; soda l. Mix. 
Magilp. 
Mastic varnish 1 part; drying oil 2. Mix. 
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Another. 
Mastic varnish 1 part; drying oil 1. Mix. 
- Another, 
Equal parts of mastic varnish, drying oil, and turpentine. Mix. 
Metallic Varnish for Coach Work, dc. 
| Asphaltum 56 pounds. Melt, then add litharge 9 pounds; red 
j lead 7 pounds; boil, then add boiled oil 12 gallons; yellow resin 
12 pounds. Again boil, until in cooling the mixture may be rolled 
| into pills; then add spirit of turpentiae 80 gallons; lampblack 7 
‘pounds. Mix well. 
| Impermeable Varnish. 
Boiled oil 100 parts; finely powdered litharge 6 parts; genuine 
ibeeswax 5 parts. Boil until sufficiently thick and stringy, then 
' pour off the clear. 
Engravers’ Stopping-out Varnish. 
Take lampblack sth Riepemiae co make a paste. 


PRACTICAL TABLES. 
Weieat or Mrtats—Wrovant Inox; Squars, Rounp, anp Frat. 


Table I. contains the weight of Square Iron in sizes, from 3 inch 
to six, inches square, advancing by } inch; and from 6 to 12 inches 
nare, advancing by } inch; and in lengths, from } foot to 18 feet. 
'The sizea are arranged in the first column of each page, and the 
| lengths along the top; the weight in lbs. immediately under the 
i leagths, and in a line with the sizes. 
, Table II. contains the weight, of Round Iron in sizes from } inch 
| to 6 inches diameter, advancing by 4 inch; and from 6 to 12 inches 
| diameter, advancing by } inch; and in lengths, from 1 foot to 18 
feet. The sizes, lengths, and weights are arranged as in Table I. 
Table IIL contains the weight of Flat Tron in widths, from } inch 
| to 6 inches diameter, advancing by } inch; in thicknesses, from 
|t inch to 1 inch, advancing by $ inch; and in lengths, from 1 
‘to 18 feet. The widths, lengths, and weights are arranged as in 
the preceding tables, and the thicknesses alongside of the widths. 
The tables are all calculated to the nearest tenth of a pound. 
To the weights of bars of Wrought Iron add ;gpth part for bars of 
soft steel; and from the same weights subtract ;,th part for bars 
ef Cast Iron. | 
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SQUABRB IRON. 
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24 | 211-2; 2323 253-4] 274-8 359°0| 880-2 
2g | 232-9) 256-2| 279°5| 802°8 396-0] 419°3 
24 | 265°6| 281-2| 806-7} 332°3 434°] 460°1 
4 475°0| 5029 


279°4| 807°3| 885-3; 363-2 


804'2) 884°6| 865-0) 395° 
$80°1) 943°1; 396-1; 429°1 
857-0) 392°7| 428-4) 464°2 
385°0) 423°5; 462°0) 500°5) 539°0; 577-5] 616-0 
496°9) 5388) 579°7| 621°1| 662°5 
| 444-2) 488-6) 533°0 577°4| 621°9) 666-3) 710-7 
475-3) 522°9| 570°4| 617-9) 665°5| 7130) 760-5 
$076; 538°3| 609°1) 659°8) 7106) 761°3) 812°) 


ESS LSEL 
he 
‘ 


nO ; -PractioaL TaBzs. 


TABLE I. 


BQUARE IRON, 


‘ 


Size.) 1 ft. | 2f. | sfe | af. | of. | 6f. ' 7 f. | 8 ft | 9 ft. 


Inch. | lbs. Tbs. Tbs. {| Ibs. Ibe. Ibs. Tos.' | Ibs. Toe. 


4 | 84:1} 1082} 162°3] 216°3| 270-4| 824°5| 378-6) 484-7| 486°8 
44. | 67°5| 1150] 172-6) 280-1] 2897-6] 345-1) 402-6) 460°1| 517-7 
43 | 61:1) 122-1] 183-2] 244-2) 805°3) 366°3) 427-4; 488-4) 5495 
48 | 64-7| 129-4) 19471] 258-8| 393°5] 388-2) 452: 9) 517-6| 582°3 
44 | 68-4] 136-4] 205-83] 2738-8] 242-2] 410°7| 479-1! 547-6] 616-0 
46 | 72:3] 144-6| 216 9/ 289-2] 861-5] 438-8) 606-1| 678-41 650-7 
4% | 763] 152°5| 228-8) 305-1] 381-3] 457-6] 688-8} 610°1| 6864 
44 | 80°83] 160-7] 241-0] 321-3] 401-7] 482-0, 662-3] 642-7| 728-0 


t 


5 84°5| 169°0| 253°4| 387°9| 422-4) 506°9| 591-4) 675°8| 7603 


54 {| 88°8| 177°6| 266°4| 355-1) 443-9) 5382-7) 621°5| 710°3] 799°1 
54 | 98°2) 186-3} 279-5) 372-7) 465°8| -559°0, 652° 2 745°3| 888°5 
5&8 | 97-7) 195°3] 293-0! 390-6) 488-3) 585-9) 688°6 781-3} 878-9 
54 | 103-2) 204-5) 306°7] 409°0) 511-2) 618-4) 715-7) 817-9} 920-2 
54 | 107-0) 213-5] 820-9] 427-8) 534°8| 641°7' 748-7) 8556) 962°6 
5B | 111-8} 223-5] 335-3) 447-0; 558°8 6705) 782°3, 894+4)/1005°8 


5% | 116°7) 233-3) 350-0) 466-7) 588°4) 7000. 8167; 9834/1050°0 


6 121°7| 243-3] 865°0| 486-7 608°3| 7380-0; 
6+ | 132-0; 264-1) 896°1) 528°2) 660°2) 792°2 
64 | 142°8) 285s] 428-4) 571-3) 714-1) 856-9 
6% | 154:0] 803% | 462°0) 616-0) 770°1| 924-1 


841°6| 9738:3|1095-0 
924'3 1056". |1188°4 
999°7 1142°5|1285°3 
1078°1 1282'1|! 386-1 


7 165°6; 331°2) 496°9} 662-5} 828-2) 993°8 1169°4 1325-1 14807 
TZ | ITT7T 855-3) 533-0) 710-7) 888-4/1066-0)1243-7 1421 -4|1589-0 
74 | 190°1) 380°¢| 570-4; 760-5} 960°7/1240°8)1331°0,1521°1/1711-2 
7% | 203°0) 406-0) 609-1! 812°1/1015°1)1218'1 1421-911624-2 1827°2 


8 | 216-3} 43277] 649-0 865-3/1081-7/1298-0/1514"4 1780-7|1947-0 
S$ | 230°1| 460-1] 690-2} 920-3/1150-3}1380-4|1610'5 1840°5/2070-6 
84 | 244:2) 488-4] 7327] 976-9|1221-1/1465-3/1709'5 '1958°8]2198-0 
88 | 2588} 517-c| 776°4/1035-2/1294-0/1552-8/18) 1-6)2070°4|2829-2 


9 273°8| 547-6) 821:4/1095-2/1359-0/1642-8}1916-5}219U'3/2564°] 


PasotgoalL TABLES. 101, 


TABUE 1.: 
BAN ARE--}HON, - 


Sisp.-| 10 fed 11, fed 12 18. Hf 15 ft 16 £,] 17 ft] 18 f, 


| 
‘the: | | tbe. " Ibe. « J 


905°8 


1069°5|1176-5 | 
¥117°6/1229-3/1341-1/1452-8/15664-6|11676-3/1788-1|1899-9/2011-6 
1160°0|1 288-4}1 40071 |] 51677 |1:688"41760'1/1866-7|1988-4|21004 

| 


1229°6|1838°3/1460:0/1581 °6|1703-3) '825-0|1946°6/2068-3/2190-0 
1320°4}1452°4|1584°4/1716°3|1848-6/1980-6/21 1 2°6/2244-°7 2376-7 
1428-2'1571°G11713-8)1886°611999-4/2149°312285 1/2427 9125707 
1540°1/1694:111848-1/2002°2/2056'212310-9/2464 2) 26 18-9/2772-2 |: 


1656°3/1822°0/1 987 6/2158 2/2318 °8/2484.°5/2650°1/2815-7/2981 4 
17°76°7)1954°4)2.132°112309°7/2487-4/2665°112842-8/8020-4/3198°1 | 
1901°4/2091°6] 2281 6/2471 8/2662 9} 28520/3042:213282°313422°4 
2080°2|2233°3/2436°3/ 2639-3) 2842 3/3045 4/8248 4/3451 -4/8654°4 


169 ss Praorioat Tapens, 


TABLE -1.- 
SQUARE LB-ONi © 


eee | eee | oemeneion ee | eee Go | eee | emer eers | eoeceee epee | entire 


94 | 305-1] 610°1) 915-2/1220-2/1525-3/1830-3 2135-4 24404 24S 
9% | 321°3| 642°7| 964°0/1285°3/1606 7/1928 0 294.9°312570°7 2892°3 


19 |! 887°9| 675-8/1013°8/1351°7/1689°6|2027 -3'2365°4 2'708°4, 3041-0, 
10} | 855°1| 710°z/1065-4)1420°5)1775-7/2130°8 2486°0 2841:1'3196-2! 
10$ | 372°7| 745:3/1118-0/1490°7|1863-4}2236 0 2608-7 |2981°4,3864-0 
103 | 890°6] 781°3)1171°911562°5}1953-1/2343-8 2784°4/3125-0/3515-7 


11 | 409-0] 817°9/1226-9/1635-8/2044°8/2458'8 2862 7/3271 -7/3680°6 
11} | 427°8) 855°6)1288°4/1711-2)2139°1/2566°9 2994-7 /8422°5/3850°3 
114 | 447:0) 894:0/1341°1/1788°1/2235-1 2682°1'3129°2 3576°2/4023-2 
11% | 466°7| 933°4)1400°1/1866-7|2383-4|/2800°1 |8266-8/87383-5 a, 


12 | 486°7| 978°3/1460°0/1946°6)/24838°3/2919-9 8406°6/3898°2/4379-9 | 
| 


Giazes.—Common earthenware ia glazed with a composition con- 
taining lead, on which account it is unfit for many pharmaceutical 
purposes. The following glaze has been proposed, among others, | 
as a substitute: 100 parts of washed sand, 80 of purified potash, 10, 
of nitre, and 20 of slaked lime; all well mixed, and heated in a 
blacklead crucible, in a reverberatory furnace, till the mass flows 
into a clear glass. It is then to be reduced to powder. The goods 
to be slightly burnt, placed under water, and sprinkled with the 
powder. 

Gaze For Porcetain.—Feldspar 27 parts, borax 18, Lynn sand 
4, nitre 8, soda 3, Cornwall china clay 3 parts. Melt together to 
form a frit, and reduce it to a powder, with 8 parts of calcined 
borax. 

Sotvent ror Otp Purry anp Parnt.—Soft soap mixed with solution 
of potash or caustic soda; or pearlash and slaked lime mixed with 
sufficient water to form a Nahe Either of these laid on with an 
old brush or rag, and left for some hours, will render it easily 
removable, 2 


. Pracricat Tapuns. 108 
TABLE L 


SQUARE IRON, 


Size. | 10 ft. | 11 ft] 12 ft. {18 f [14 ft. /15 ft. / 16 ft | 17 ft. | 18 ft. 


Inch, | = Ibs. Ibe. Ibe. Ibe. Ibe. | Ibe. Ibs. Ibs. Ths. 


94 {2892-2 3181-4'8470°6|8759°9/4040°1:4998-814627 -5|4916°715206°0 
9} [8050-6 8355°6:866077 |8965 7 |4270°8 4575°8|4880'9/5186 0154910 
92 |8218°3 8534°7|8856-4/4177 3/4498 °6 4820-0/5141 -8/5462°6|5784-0 


10 3879-2 37 17-1|4055 0/4393 0/47 30°9 5068 ‘8/5406 °7/5744°6;6082'6 
10} (3551-4 3906°5;4261°6|4616-8)497 1 ‘9 5827 0/5682 °2/6087°3 6392°4 
10} |3726°7|4099°4/4472°1'4844 7/5217 -4 5590°1/5962°8/6835°4 6708'1 
103 |3906°3/4297 0/4687 -5|5078°2/5468 8 5850-4/6250°0/6644°7 7081°3 


1 |4089°6/4498°6/4907 -4/5316°5|5725-4 6184 °416548-4/6952°3 7861°3 
11} |4278°1/4705-0|5188-7|5561°6/5989-4 6427 -2/6845-0/7272°8 7700°6 
114 |4470°2/4017 °3)5364-3/5811-3/6258-3 6705°4/7 152°4/7599°4 8046°4 
113 |4666°8/5183°5|5600-2/6066-9|6538'6 7000°3'7466°9|7983'6 8400°3 


12 |4866°6/5853°2/5839-9/6826°5 ade 299°8/7786°5|8273-2 8759°8 


Scourtne Duors rok Removine Grease.—1. Alcohol (pure) 6 oz, 
eamphor 2 oz, rectified essence of lemon 8 oz. 

2. Camphene 8 oz, essence of lemon 1 oz Mix. Some direct 
them to be distilled together. 


3. French. Camphene 8 oz, pure alcohol 1 oz, sulphuric ether 1 
oz., essence of lemon 1 dr. 


4, Spirits of wine 1 pint, white soap 8 oz, ox-gall 8 oz, essence 
of lemon } 0z 


Batts, Hee.—1. Melt together 4 oz of mutton suel, 1 0z of 
beeswax, 1 oz of sweet oil, 4 oz. oil of turpentine, and stir in 1 oz 
of powdered gum arabic, and 4 oz. of fine lampblack. 

2. Beeswax 8 oz, tallow 1 0z, powdered gum 1 oz, lampblack 
q.8 These are used not merely by the shoemaker, but to cop 
inseriptions, raised pattenns, &c., by rubbing the ball on paper 1aid 
over the article to be copied. For copying ancient monumental 
brasses, a similar compound, colored with beonss powder instead 
of lampblack, is sometimes employed. 


‘408 ~ Paacfroan: Paavas. 


i 
2 


2 


TABLE IL 


| - ROUND TRON. |! 4 


Praoricat Tapes, 1Q5 


TABLE J, 


ROUND JRON, 


Size. | 10 ft.} 11 ft.; 12 ft.) 13 ft.) 14 ft | 15 ft. | 16 ft] 17 ft | 18 ft. 


Inch, Iba. Ibe, Ibe. Ibe. Ibs. Iba. Ibs. Ibs. Ths 
3} 7; 18) 20] 21] B38} 25] 86]. a8! 8a 
$$) 37} 41) 45) 43) 52) 56) 601 63; 67 
4] 66 7-3; 80) 86} 93} 99} 106] 11°83) 11-9 
§ | 10-4/ 11:5] 12:5) 18-6) 146] 15-6) 167] 17:3] 18-8 
| 149) 16-4) 17°9) 19-4} 20-9) 224] 28-5] .95-4) 26-9 
x | 20°3| 22-41 24-4) 26-4) 98-4] 3806] 82-3] 34:5! 36-4 
1 26°5| 29-2) 31:8] $45} 87-2} 808] 42:5} 45:1] 47-8 
1% | 33:6] 387-0} 403) 48-7) 47:0] 50-4) 58°8} 57-1] 60-5 
13 | 41-7] 45-9} 50-1] 54°2/ 58-4; 626) 66:8/ 709! 75:1 
1$ | 50-2] 55-2) 60-2] 65-2} 70:3; 763; 803| 853, 90-8 
14 | 69°7| 65-7) 71-7) 77-6} 83°6! 88-6] 95:6] 101°5, 107-5 
Wg | TOL} 77-1) 84-1] 91-1] 98-1] 106-2) 112-2] 119°2 1269 
1$ | 81°3) 89-4) 97-5) 108-7; 418-8] 121°9) 180-0] 138-2 146-8 
1g | 93°83} 102-7} 112°0} 121-8) 180-7} 1400] 149-3] 158-7| 168-0 
2 | 1062) 116-8) 127-4) 188-0, 1486; 1592) 1699] 180-5, 192-1 
2% | 119°9} 131-9] 143-9. 168-8 167-8, 179-8) 181 §| 193-8 205-8 
2} | 134°4| 147-8} 161-3, 2747) 188-2, 201°6) 215°] 228-5 241-9 

149°8] 164°7| 179-7| 194-7| 209-7! 224-6] 239-6] 254-6] 269°6 

24 | 166°9, 183-6] 200°3 216-9 283-6] 250-3] 267°0| 288-7) 300°4 
2g | 1829, 201-2) 219-5, 287-8, 2661) 274-4) 292-7/ 311-0) 829-3 
24 | 200°) 220-8 240°9, 261-2; 281-1] 801:1) $21:2} 841°3, 361-4 
2% | 219°4| 241-4) 268-4) 285-3] 807-2) 829-2) 851-1] 373-0, 295-0 


406'1| 430-0 
440°7| 466°7 
476°T| 504°] 
514°1} 544°3 
552°7| 585-2 
593°1) 627°9 
634°6) 672-0 
6777) T1746 


810°5, 384:4) 358°3) 382°2 
311°1; 337°0| 363°0} 388°9| 414°8 
280°4| 308°4} 335-5) 364°5) 392°6) 420°6) 448°6 
302°4| 332°6) 862°9 398-1} 423 4) 453°6/ 483 8 
422°7| 455°2| 487°7) 520°2 
| 455'5| 488°4| 523°3) 558°2 
448°0, 486°3) 522°6| 560°0| 597°3 
4783| 5182) 558-1) 598-0) 637°8) 


166 


Size. | 1f. | aft. | 8fe | 4ft |'oth 16 | 7 ft | 8 & | of. 


ROUND IRON. 
vi ’ soeray 


Ibs. 


12744 
135°5, 
148°9, 
152°4/ 
161°8 
170°4 
179°7 
189-3 


Ibs. 


84-9} 

90'3 

95°9 
101°6 
107° 
118°6|- 
119°8 
126-2 


200°8 
209°2 
219-5): 
230°1 
240°9 
252°0 
268°3 
274°9 


66°8 
69°7 
73:2 
16°7 
80°3 
840 
87°8 
916 


133°5 
189°5 
146°3 
153°4 
160°6 
1680 
175°6 
183°3 


286°7 
8111 
886°5 
862°9 


191°1 
207 °4 
224°3 
241°9 


95°6 
103°7 
1122 
121°0 


890°1 
418°6 
448-0 
478°4 


1800 
189°5 
149°3 
159°5 


260°1 
279°1 
298-7 
318-9 


"69°9 
1807 
191°8 
208 3 


889°7 
361 4 
383°6 
406 5 


509°6 
542°1 
595 °4 
609°8 


215-0] 480:1] 645°1 


TABLE I. 


Ibs, |: ‘ibs. 


169°9- 212°3 
1807 225°9 
191°8, 239°8 
208°3' 254°1 
915-0; 268°8 
997-2! 288 9t 
239-6) 299-5} 
952-41 815°5} 


333°8, 
348-7 
865°9 
$83 °5 
401°5 
420°0 
488°9 
458 ‘2 


267 -0| 
978-9 
292-7 
806-8 
$21-2 
886-0 
851°1 
866-51. 
L 


477° 

5185 
560°8 
604°8 


382°2 
414°8 
448-6 
483°8 


520-2 
658:2 
597°3 
6387 °8 


650-2 
697 “7 
741°6 
797 3 


679-4 
722°8 


- 254-8 


297-2 
816-2 
835°7 
855-7 
8763 
897-5) . 
419°3 
441-7! 


271-0 
287-7 
804-9 
822°6 
840°7| 
859°4 

878°6): 


400°5 
418°4 
439-0}: 
460°2 
481-8) 
504:0 
5267 
549°8 


467°3 
488°] 
§12°2 
536°9 
562°1| 642°4 
588-0) 

614°4 

641-4): 


578°3 
622 °2 
673°0, 
7125°8 


668°9 
725°9 
785°1 


846°7| 967°6)/1088'6 


780°3| 910°3/1040°4/1170 4 
887'3) 976°8)1116°4)1255°9) 
$96 °0)1045-3)1194°6) 1844-0 
956°7/1116°2)1275°6)1485°1 


849-3/1019°1/1189-0}1858-8) 1528-7 
908 511084°2}1264-9}1445-6)1626°3 


767-2| 959°0|1150°8}1842°6|1634-5)1726°3 
818-0,1016 3.1219-6/1429-6|1626-1/1829°3 


860 -2/107 5-211 290:2/1 508 -3}1720°3/ 1985 °4 


LT 


ioe epee pie 


me > 


er es 
were 


PRACTICAL TABLES. 


ee | 


TABLE IL 


ROUND 'FROX. 


Ibe. | Ibe. | Ibé, | Ibs. 
424°6| 487-1] 5096} 5352°6 
451-7} 496°9} 542°1] 587°3 
4795} 527°5| 575°4| 623-4 
508-21 559-0} 609°8| 660°6 
537°6| 591°4| .645°1| 698-9 
567°9| 624-7] 681%{ 738-2 
5990} 658°9] 718+{ 778-7 
630°9; 694:0| 757°1f 820-2 


676°4| 721°0| 764~ 
722°8| 761°0) 813° 
767°2| 815°2) 863° 
813-0| 863-9) 914°“ 
752°6| '806°4| 860-2| 913-9) 967% 
795%) 851-8) 908°6| 968°4)1022° 
838-6] 898°5| 958°4/1018°3)1078 * 
' 888-3) 946°4/1009°5/ 1072 6/1185 ' 


594°5| 637-0 
632°4| 677°6 
671°8| 719°8 
711:4| 762°2 


667°5| '734:3| 801°0| 867-8] 984-5|1001 -8/1068°0/L134-8/1201°t 
697-3! 767-0] 836-8} $06°5| 978-2|1046 0/1115°7/1165°4)1255~ 
"31-7| 804-9! 878-1} 951-211024°4)1097-6/1 170'8|1243°9/131 7-1 
"67-0| 813°7| 920°4| 997°1/107 8-8) 1150°5/1 227 -2/1303°-9/1380- 
803-0! 883°3| 968-6/1044-0/11 24 8] 1204-6/1284°9/1865:2/1445°6 
840-0} 924-11] 1008-C]1092-0/1176 -0/1260°0|13440)1428°0 1512-0 
877°8| 963°5| 1053-3}1141°1/1228-9|1516-6/1404-4 1492-2/1580°0 
916-3] 1008 611099-611 191 -2| 12889) 1874°d) 1466°1) 1557-8)1649-4 


955-5105] °1]1146°6|1 242-2) £887 “7/1489°3{ 1528°8}1824-4/1719°9 
1037°0|1140°7|1244 4/1348 -2)1481-9) 1556°6)}1659°3/1763-0)1866°7 
1121°6:1233 8|1345-9}1458-111570°2/1682-4/17 94°6|1906°7/2018 9 
1209°611330-6]1451°5|1572°5|1698°4)1814-4)1935-4/2056-3/2177°3 


1300°6|1430°5| t560°6/1690°6| 18207119507 |2088°8)2210°8|2840°9 
1395 411635-0/1674°5|1814°1/2958 6/2093 2/2232°7|2372-2)2511°8 
1493°3/1642°6|1791-9|1941-3/2090'6|2239°9/2889 2/2538 -6/2687'9 
1594°6|1754°0|1913°5|2072°9/2282°4/289 1 °8|2551°3)27 10°8/2870°2 


698-611 868°4]2038-3|2208-1|2378-0}2547 -8]2'7 17 7/2887 °6/8057 4 
B09°0|1987°7/2168-4|2349-012529-7/2740-4{2691 1/307 1°8/3252°5 
1918-1]2109-9|2301 7/2493 °512685-8/287 9°1 /8068°0/8260°7 8452°5 
2082°6|2235-912439-1|2642-4|2846 6/8048 9/325 2°2/8455°43658°7 


2150°4|2365°4|2580°5|2'7 95°5|8010°6|3225 6|3440°6/8655°7 88707 


EF RACTICAL: LABLES, 


TABLE IE 


ROUND IRON, 


| 


Size. 1 ft 2ft. | 3f.} 4 ft. 1 oft 


wom ee eee eee 


Jnch. | lbs. Ibe, | Ibs. lbs, | Ibs, lbs, Ibs. Ibs. | Ibs, 

| OL | 227-2; 454-3) 681-5) 908°6 1135°8/1362'9 1590°1}1817°2 2044 4 
94 | 239-6) 479-2) 7188) 958-4/1198°0 1487 °6)1677°2)1916°8 2156-4 
9% | 252°4) 505-8) 757-1/1009°6/1261°9 1514°3/1766-6)2019-0 2291-4 | 


19 | 266-3) 582°6] 798°9)1065°2)1831°4 1597 -7/1864:0/2130°8 2396-6 
10} | 278-9} 557-8) 836-8/1115°7/1394°6 1673°5)1952°5/22381°4 2510-3 
104 | 29277} 585°4| 878-1/1170°8/1463°4 1756°1/20488/2341°5 2684-2! 
103 | 806-8} 603-6) 920°4]1227-2)1534-0'1840°8/2147 -6/2454-4/2761 -2 


11} | 836°0) 672°0|/1008 0 1344-0 1680°0 2016-0 2352°0/2688 0 3024°0| 
114 | 851-1} 702-2/1053°3/1404-4/1755-5.2106°6/2457 7/2808 8 3159°9, 
11% | 866°5} 733°1/1099°6|1466-1/1832-7 |2199-2/2565 -8/2932°8/3298 " 


11 | 821-2) 642-4) 968- 34401680 1927 -3/2248-5/2569-712890°9 | 


| 
oe 3439-9: 
| 

| 

Bronzrve Liquips, ror Bronzive Coprer Mepats, Fiaurss, Instru-! 
MENTS, &c.—I1. Sal ammoniac 1 dr, oxalic acid 15 gr. vinegar 1' 
pint. After well cleaning the article to be bronzed, warm it gently, 
and brush it over with the liquid, using only a small quantity at a 
time. When rubbed dry, repeat the application till the desired: 
tint is obtained. [For copper medals, electrotype casts, fel 

2. Sal ammoniac 1 oz, cream of tartar 3 oz, salt 6 oz iesolve! 
n a8 pint of hot water, add 2 oz of nitre, and 2 oz. of nitrate of | 
opper dissolved in 4 pint of water. 

8. Salt of sorrel 1 0z., eal ammoniac 2 oz, white vinegar 14 oz 
‘To give an antique appearance to bronze figures, cc ] 

4. A diluted rs of muriate of platina. [For copper binding 
icrews, and other small articles. | 

5. A weak solution of hydro-sulphuret of ammonia, or of sul- 
yhuret of potassium. [For electrotype medals) Another method | 
s the following: Immediately on removing the electrotype cast 
rom the solution, brush it over with good black lead ; then heat it 
noderately, and brush it over with a painting brush, the slightest 
noisture being used. | 


12 | 882-2) 764-4/1146°5|1528°8 ages cute 2675°5 


‘ 
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TABLE IL 


ROUND IRON. 


Size. | 10 ft. | 11 ft. | 12 ft. | 18 ft. | 14 ft. | 15 ft | 16 ft | 17 ft | 18 ft 


ogee | ne eee | re ee 


os Gee | ae Gee 


Inch. Ibs. Ibs. Ibs. Ibs. Ibs. Ibe. Ibs. Ibs. lbs. 


9} | 2271 -5/2498°7/2725°8/29538 0/3180°1'3407 8/3684 4/3861 6/4088 7 
94 2396 °0,2635 6 2875°2|8114°8 8254'4.3594-0 3838 °6|4073°2/4312°8 
9% (25238 2776118028 5/3280-9/3533'3 3785 -6/4088 °0/4290°4\4542°8 


10 | 2662°9/2929-2/3195 5/8461 7/37 28 0 3994°3/4260°6/4526 ‘9/47 93-2 
10} |2789-2/8068-2/5847 -1/38626 03904-94188 8/4462°8/4741 7 5020°6 
10g |2926-9/821 9°6/3512°3/3804-9/4097 °6'4390°3/4688 °0/4975°7 5268-4 
103 |3068:0/3374°8/8681 6/3988 -4|4295 -2 4602°0|4908°8/5215°6 5522°4 


11: |3212-2)3533-4/3854-6|4175-8/4497 0:4818°2/5189°5|54607 5781°9 
11} [3360-0/3696 0/4032 -0/4368°1/4704°1'5040°1|5376°1/5712'1 6048-1 
| 11} |3511°0/3862°1/4213-2/4564°4/4915-5 6266°6/5619-7/5968°8 6319°9 
113 |3665-4/4031-9|4398-414765-0 5181-5/5498-0/5864'6|6231 ‘1 6597°6 


| 12. |3822°1/4204'3/4586-514968-7/5350 a ata 6115°3 ee a 


' “¢ * ‘ ? sous { 


SoLvuTions UsED IN ELECTROTYPE MANIPULATIONS, &€. 


1. Acid Solution of Copper for the Decomposing Cell. Saturated 
solution of sulphate of copper 2 parts, sulphuric acid 2 parts, water 
6 or 8 parte. 

2. Gold Solution. Dissolve 2 oz of cyanide of potassium (by 
Liebig’s method) in a pint of warm distilled water, add } oz of 
oxide of gold, and agitate together. 

8. Silver Solution. Dissolve 2 oz. of Liebig’s cyanide of potas- 
sium in a pint of distilled water; add } oz. of moist oxide of silver 
(precipitated by lime water from a solution of the crystallized 
nitre), and agitate together till the oxide is dissolved. 

4. Solution in which Steel Articles are dipped before Electroplating 
them. Nitrate of silver 1 part, nitrate of mereury 1 part, nitric 
acid (sp. gr. 1°384) 4 parts, water 120 parts. 

5. Solution, or Pickle, for immersing Copper Articles in before 
Electroplating. Sulphuric acid 64 parta, water 64, nitric acid 32, 
muriatic aeid 1. Mix. The article, free from grease, is dipped in 
the pickle for a second or two. | 
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TABLE IIL 


FLAT IRBON. 


a|3 
2 lft. | 2f. | 8f. | 4f. | oft. | 6f. | 7f. | Sf. | 9 ft 
in.] in. Ibs. Ibe lbs. lbs lbs Ibs. Ibs. lbs. Ibe 
] 0 17 2°5 4 2 5-1 5'9 6°8 
id 1 2°1 3:2 2 3 63 1-4 8°4 : 
13 1 2°5 $°8 ‘] 3 76 89} 10°71) 11-4 
14 1 80 4°4 9 4 §°9; 10°4 11°83) 188 
8 
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t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
+ | 44 
t 
t 
t 
t 
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t 
$ 
t 
$ 
$ 
$ 
4 
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| Thick. 
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TABLE TL 


FLAT IBON. 


14 ee 7 DTRACIICAL LADLEDS 


TABLE IIL 


FLAT 


IRON, 


{ LLIUA. 


n. Ibs. Ibs, 
H 3°5 10°5; 18-9 
} 3°8 11-4) 15-2 
} 4°1 12:4 16:5 
i 4°4 13°83} 17°7 
\ 4°8 14°3; 19°0 
5:1). 15:2] 20°38 
5°4 16:1} 21°75 
577 V1) 22% 
60 18-1; 24°1 
6°3 — 19-0). 25°3 
67 20:0; 26°68 
4 Ol. _ 20°9 7:9 
73 21°9; 202 
7°6 22°8) 30°4 
17 5:1 6°8 
2°1 6°3 8°4 
2°5 7-6) 101 
8'0 8-9; 11°8 
3°4 10°11} 18°5 
3°8 ll‘4; 15:2 
42 he 127 16°9 
46 a 18°6 
§°1 15°2| 20°3 
5°5} 16°5| 220 
5:9 17-7) 28°7 
63 19:0; 25:3 
6'8 20°3| 27-0 


17:4 
19°0 
22°29 


23-8] | 


25°83 


81-4. 


33°3 
. 864 
38-0 


10°6 
127 
14°§ 


16°9 
19 | 
21°] 
23°z 


25°3 
27°5 
29 6 
81-7 


33:8 


_ 861 


Ibs. 
20°9) 


22'8 
27 
26 °6 
28-5 


80°4 
32°38 
34°2 


33°0 
39°9 
4] °8 


437 


46°6 


10°1 
127 
15°2 
7 


20°83 
22°8 


_ 26°3 


27°9 


30°4 
32°9 
85°5 
38'0 


40°6 


Ibs. 
24°4 


26°6 . 


28°8 
81:1 
33°3 


B5°5 
87-7 
39:9 


| 421)" 


44°4 


 46°6 


48°8 


51-0] 
53-2) 


11°8 
14°8 


VW 


2077 


23°7 
26°6 


29°6! .. 


32:5 


35°65 
38°4 


41°4) | 


444 
oe 


Ibs. 


27-9) 


30°4 
83 0 
85°5 


' 88-y 


40°6 
43°1 


. 60°8 


| ES oe emer | oer ae 


: Iba. 


31-4 


342 
87-1 
39°9 
42°8 


45°6 
486 
51°3 
54°2 


57-0 
59°9 
62°7 
65°6 


68°4 


15-2 
19-0 
22°8 
26°6 


804] | 
34°29 
38-0 | 


| 418 | 


45-6! 
49°4 
53°2 
570 
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TABLE IIL 


RLAT IBON. 


12 ft. | 18 ft.) 14 ft. 


Iba. Ibs. 
52°3 62°7 
$ 
570 684: 
61°8 14°23: 
66:5 19°9, 
71°3 85 5; 
16-0 91-2! 
80°8 97-0! 
85°6 1027 
90°38 108-4 
95-0 114-0; 
99°8 119-8 
104°5 125°5 
109°3 1812) 
1141 186-9) 
25°4 80°4, 
31-7 38-0 
38°0 45°6 | 
444 53°2 
507 60°8; 
57-0 63-4 
68-4 76-1)! 
69°7 83 6, 
j 
76 0 91 2? 
824 98°8 


88°7; 94°6} 100 6) 106°5: 
96:0} 101°4| 1v7-7) 1140, 


94°6) 101-4} 108°2) 114:9) 1217 


112 __Pracriean Tastes: 

TABLE IIL 

FLAT IRON, 
|g | 
Sli [atk | ah | at | oft. | 6m | 7 | Bh | y ft. 
|e 
in in.| Ibs. | Iba | Ibs. | Ibs, | tbe. | Ibs. | Iba, | Tbs. |! Ibe. 
gl 28] 8-5] 7-0) 40-5) 18-9] 17-4] 20-9] 24-4] 27-9] 81-4 
gi3 | 388] 76] 11-4) 15-2) 190] 22:8) 266] 30-4| 34-2 
q(8t] 41] 8-2} 12-4) 16:5] 206) 247) 28°8/ 330) 37-1 
a{34{ 4:41 8-9} 18-3) 17-7) 22-2] 26-6) 3]-1] 35:5] 39-9 
g {32}. 4:8] 9-5] 14:3; 190) 23:8) 28-5] 33:3) 880) 42:8 
g|4 | Sl). 10-1] 16-2) 20°38) 25°38} 30-4] 35:5] 40°6) 45-6 
g/4t} 5:4) 10-8) 16-1) 21-3) 26-9] 82°38} 87-7] 43-1) 48% 
2/4t| -5°7| 21-4] 17-1] 22-8] 28:5) 34:2) 89-9] 45-6], 51°3 
gi4%{ 6-0] 12-0) 18-1] 24-1) 80-1}, 861) 42°1/' 48-2] 54-2 
g{5 | 88} E27] 19-0) 25°38], 81-7], 38-0] 44-4! 50-7]. 57-0 
3/53] 67] 188] 20-0) 26°64] 33:3] 39-9] 46-6] 53-2] 59-9 
4/52) 7-0} 18°9) 20-9, 27-9), Bae) 418) 488) 658 62-7 
g, 52) 73) 14°6) 21:9} 202) 36-4) 487) 51-0) 58-3) 65°6 
2/6 | 76] 16:2) 22°8/ 30-4; 38-0] 45-6) 58-2} 60-8] 68-4 
$|1 17} 8-4] Bl} «= 6-8} B5] 101} 118] 185] 18-2 
d/1d] 21} 4:2) 6-3} 8-4} 106] 12°7; 14:8} 169] 19°0 
$11¢) 2°65] 51] 7-6) Lod} 127} 15-2] 17-7] 20°83} 22-8 
$/12{ 8-0} 5:9] 8-9} 11:8] 14S] 17°7|, 20-7] 28-7) 26-6 
3/2] 3-41 68} 10-1) 18-5] 16-9] 20°83] 28-7| 27-0) 3804 
4 2d] 38] 7-6) 11s] 15-2) 19¢] 228 98-6] 80-4) 384-9 
F2g]. 4:2) 8-4)..12-7! 16-9) 22-1] 26-8). a6 . 83:8] 38-0 
$22] 46] 9-3) 18-9) 18-6/ 23-2] 27-9] 32-5) 37-2; 41:8 
+ | 8 | B51} 101) 15-2} 20°83] 25-3] 80-4) 35-5] 40-6} 45-6 
4,32] 5-5F 11-0] 16-5/ 22-0) 27:5] 32-9] 88-4] 43:9! 49-4: 
$,34] 5-9) 11-8] 17-7] 28-7], 296] 85:5) 41-4) 47-3] 53-2 
$183] 6-8} 12°7] 19-0] 25-3]. 81-7] 88:0) 44-4) 50-7] 57-0 
3/4 | 68] 135] 20°83] 27-0, 88:8] 406) 47:3) 54:1] 60° 


PracricaL TaB.ss. 1} 


TABLE IIL 


RLAT IBON. 


10 ft. | 11 ft. | 12 ft. | 18 ft. | 14 ft. | 15 ft | 16 ft. | 17 ft. | 18 ft 


—< 


4\3 
Pi ea 
| 


in. in. Ibs. the. Ibe ibs. ibs. Ibs. 
2) 28 5] 41°8] 45°83) 48°8] 52°3) 55%] 59°38} 62° 
£13 45°6| 49-4) 53-2) 57-0) 6U5| 64:6) 68- 
1 34 494} 53-6] 57-7) 61:8} 65+] 70-0 74° 
$34 53-2] 67-7; 62:1] 66:5) Tl] 75-4] 79" 
§| 38 57-0| 61:8) 66-5] 71°38] 76+] 808] 85. 
gi4 60°8} 65-9} 70-9) 76-0} 81:1} 86-2] 91° 
§ | 4} 647} 700) 754! 80°83) 86-.; 91-6; 97° 
$) 44 68:4] 74:2) 79-9] 85°6/ 91-3] 97-0} 102% 
§ | 42 78-3] 84:3} 90-3) 96-3] 102°3] 108°; 
g/5 82°4| 88:7} 95:0) 101-4} 107-7] 114¢ 
$15} 86°5| 93°l] 99-8) 106-5) 113°1] 119° 
§/ 54 90°46] 97°6} 104-5} 111-5] 118-5] 125-5 
£15 94°7/ 102-0] 109-3} 116-6} 123-9) 181-2 
2/6 98-9} 106 5} 114-1) 121-7} 129-3] 136-¢ 
3/1 22°0} 28-7) 25:4) 27-0} 287) 80-4 
3/14 27 5| 29°6] 381-7} 38-5} 385-9] 38+ 
$}14 33-0) 85:5; 88-0) 406] 43:1] 45-¢ 
ig] 1g 88°5| 41-4) 44-4) 47:31 50-3] 58-5 
F 2 43°9) 47:3] 60°7) 54-1} 5775! 60% 
| 4] 23 49-4] 53-2] 57-0] 60-8] 64-6] 63% 
IA] 23 549) 69'1) 68-4) 65-6} 71:8) 76% 
1 | 28 60-4} 6571} 69°7; 74:4! 79-0} 83 
13/3 65:9} 709} 760) 81-1] 86-2) 91 
¥| 3} 71-4] 76°9| 82-4) 87-y| 98-3) 98+ 
+| 34 769} 828] 88-7; 94:6] 1006] 106+ 
3/3 82:4} 88:7} 95-0] 101-4] 17-7] 1144 
¢14 87-9| 94°6| 101-4) 108-2] 114-9] 1214 
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TABLE ITL' 


FLAT IRONH 


{9 ]1f. | 2f. | 8¥6 | 4 ft 
l= 
in.| in, Ibs Ibs. lbs 
3/43 14:4) 21-5] 298-7 
4 {44 15-2} 22-8] 304 
4 (48 16:1; 24:1] 89:1 
+15 169| 25°3) 888 
$152 17-7; 26-6) 35-5 
4154 186 27-9] 87-2 
$1] 58 a 29-2] $89 
$1] 5 20°3 80°4; -406 
i 1 42 68 8-4 
1} 5:3! «79! «6106 
#114 6:3, 95] 127 
$118 "4 111} 148 
rl2 al 127} 16-9 
- 12 95 143} 190 
| 24 10°6, 16°8) 21-1 
| 28 11-6| 17-4; 28-2 
£13 12°7| 19°) 25:3 
i | 3 187} 20°6| 27°5 
i183 148 22-2/ 29°6 
£133 158 28°8| 31:7 
f14 16:9, 25°3| 83°8 
# | 44 180) 26°9| 35°9 
$144 19:0 28°5| 38-0 
$i 43 20°1) 80-1] 40-1 
BI5 91-1} 31-7] 42°3 
$| 53}: 22-2; 88:3) 44-4 
£| 54]: 232 849) 446°5 
$/ 53): 948° $864) 486 
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TABLE IIL 


FLAT (BOR. 


ae 


‘4) 100°5) 
106-5 
112°4 


1183 
124-2 

| 130-1] 

3] 1360 


| 141-9) 3 


2 
24 
24 
23 


wo O39 OF OO 
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TABLE IIL 


FLAT. C(BRO8,., 


3 
4 
£ 
9 
By: 
#y- 
% 
rar 
12 
2 
$ 
al: 
% 
¢ 
? 
4 
4 
% 
% 
z 
1 
1 
1 
1 
1. 
i 


118 TaBLE OF GRADIENTS. 


TABLE OF GRADIENTS 
And Resistance per Tow for each. 


enein | Feet. bbe. 
100 | 62°80] 22:40. | 
QD | 53°33! 22626 
98 | 58°88} 22858 
97 | 54:42] 23-092] 
96 | 55:00] 23°334! 
95 | 6560/ 23°579 
94 56°17 | 23°830 
93 56°7T | 24-086 
v2 57°52, | 24°342 
9} 58-02 > 24-614 
90: 58°66, | 24-888 
8O 5933. | 25-268 
88 60°) + 25°454 
8% 6069 | 25746 
86 63-39 | 26-041 
8516) 62-00} 26-308 
85. 62°12, | 26°353 
84 62°86 | 26°666 
83 6365 | 26-988 
82 64:89 | 27-317 
$} 65°20) 27718 
80 66°0 128-00 
+9 66°83 | 28-355 
18 67 69 | 28-748 
1% 6857 | 29°090 
46. 69°47 f 29472 
" | 2040 29-807] 


To ware Iwpressions rrom Comes, &c.—Make # thick selution of 
-reinglass in water, and Jay it hot en the metal ; let.it remain for | 
twelve hours, then remove it, breathe om it, and apply gold or 
'silver-leaf on the wreng sida Any eelor may be given to the iin 
glass anstead ef gold oz silver, by sunple mixture. 


' Varrattons me Trons.—The. difference in time Between high water | 
averages about 49 minutes each day. 
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TABLE of the Ultimate Breaking Weighi, én tons, of cast-iron pillars, 
calculated from Professor Hodgkinson’s Formula. 


The length includes every half: foot from 1 te 20, and the diameter every inch from 1 to 24. 


DIAMETER OF CAST-IRON PILLARS IN. INCHES. 


LENGTH 
iN 
FEET. 


1 
14 

2 

2} 

3 

3¢ 

4 

44 

& r) 

54 

6 

64 

q 

14 

8 

84 

9 

Be 

10 

10} 

11 

1ig 

12 

124 

18 7 

134 58 648] #7 | 780 | 174 336 

14 50 | 605| 260 | 783 | 163 815 

14g | 47 | 570] 245 | 697 154 297 

15: "44 5°38 | 2815) 65:28 | 145° | 2808 
154 42 5°09 | 21°90] 62:69} 187-7] 2655 
16 40 482 | 20°75 | 5845] 1805] 251-6 
164 | 877 | 457) 1969} 65-47 | 1233] 238-8 
17 @58 | 6435] 1872] 82731 1177] 227-0 
174 841) - 414) 2782] Sol9} 1121! 916-4 
18 825} 3941 1698] 47:85 1068] 205°9 
18} 810-| 877 | -16-21 |} 45°67 | 1019] 1966" 
19 297 | 860] 15:49] 48°64] 97-45) 187-8 
193 284} 3:44] 1482] 41°76] 93-241 179-7 


20 “272 3°30 14°20 | . 40°00 89°32, 172-2 


{20 Cast-Inon Pitiars 


oes of the Ultimate Breaking Weight, in tons, of cast-iron pillars. 
(Continued.) 


DIAMETER OF CAST: IRON PILLARS IN INCHES. 


LENGTH 
IN 
FEET. 


12 
; tons, 
I 339982 
13 | 170648 
2 104643 
24 71607 
3 52523 
84 40414 
4 32207 
44 26363 
5 220329 
' 64 58743 
6 16165 
64 34109 
is 32439 
"4 11062 
8 9913 
84 6942 
9 8114 
94 7401 
10 6783 
10$ 6243 
Ik 5769 
114 5349 
12 4975 
124 4642 
13 4343 
134 4073 
14 3828 
144 3607 
15 8405 
164 $220 
16 3051 
164 2895 
17 9752 
174 2620 
18 2497 
184 2384 
19 2278 
193 2179 
20 2088 


Note.—Exzample. Find the breaking weight of a cast- rom pillar whose external diame- 
ter is 17, and intesnal diameter 15 inches, and length 18 feet. 
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a 


TABLE of the Ultimate Breaking Weight, in tons, of cast-iron pillars. 


(Continued.) 


tens. tous. 

i 453524 ] 592195 
44 | 227638 | 297241 
2 439588 | 182269 
24 96522 | 124729 
3 70064 | 91488 
8} 53912 | 70396 
4 42963 $6100 
44 | 385187] 45920 
S 


29400 | 38390 
Bi | 25002 | 32647 
6 21565 | 28158 
6i | 18821 | 24576 
" 165y8 | 21667 
74 | 14756] 19269 
8 13223 | 17267 
8; | 11928 | 15576 
9 10824 | 14133. 
9} 9873 } 12892 
10 9049 | 11815 
10} 8329 | 10875 
ul 4695 | 10048 
aig 4° 7185) 99317 
12 6637 | 8667 
124 6192 | 8086 
18 5793 | 7564 
13% 5433 | ‘7094 
14 5107 | 6669 
143 4811 | 6282 
18 4542 | 5981 
154 4296 | 38609 
16 4070 | 5314 
16} $863 | 5044 
17 3671 | 4794 
174} 3495 | 4563 
18 3881 | 4850 
18} $180 | 4152 
19 3039 | 3968 
19} 2908} 3797 
20 2785 | 3687 


15 


tonsa. 
759158 
8810389 
233660 
159895 
117281 
90243 
71917 
58867 
49213 
41861 
86097 
31505 
27776 
24701 
22135 
19967 
18118 
16527 
15147 
13941 


DIAMETER OF CAST-IRON PILLARS IN INCHES. 


113846 | 141614 


90726 | 112853 
74263 | 92375 
62085 | 77228 
52798 |} 65676 
45588 | 56645 
39745 | 49439 
35040 | 43587 
31163 | 38763 


27924 | 84735 
25190 | 31338 
22857 | 28432 
20850 | 25935 


19109 | 23769 7, 


17588 | 21877 
16250 | 20234 
15087 18743 
14016 17434 
13078 | 16265 
12238 | 15216 
11472 14271 
10785 18415 


10160 | 12688 
9591 11930 
9071 11283 
8895 | 10691 
8157 | 10146 
7753 9424 
7380 9180 |: 
7035 8571 |. 
6715 83853 | 
6417 7983 
6140 7638 
5881 7316 


226088 


| 178966 


188638 
123481 
94871 
80680 
69586 
604 34 
58545 
47819 
44671 
$8492 
84928 
31861 
29200 
26876 
248382 
23025 
21418 
19982 
18693 
17531 
16481 
15526 
14656 
13862 
13103 
12464 
11847 
11277 
10750 
10261 

9806 

9383 

8987 


’ Along the line marked 18 feet, and in the br sear lines numbered 17 and 15 inches, tnke 
the numbers 8751 and 5577; the difference of whic 


11 


h, namely 3174, will be the breaking 


323 Cast-Iron Prieans. 


TABLE of the Ultimate Breaking Weight, ix tons, of cast-iron Pillars 
({Continued.) 


DIAMETER OF CAST IRON PILLARS IN INCHES. 


weight in tons. 


more than the weight to whieh they are subjecte 


For practieal purposes the piers shot be calculeted to bear one half 


19 20 21 22 24 
tons. A4ona, tons. tons. ; tons, 
1777940 [2188516 (2549346 [3013880 135386010 [4122530 
892404 11073886 [1279490 [1512760 {1775280 12069280 
647224 | 658204 | 784589 | 937680 }1088610 [1268880 
| ST4471L- | 450416 | 586903 | 634786 868292 
274670 | 330374 | 393810 [| 465605 | 546409 | 636880 
211350 | 254212 | 808024 | $58969 | 420444 | 490059 
168428 | 202586 | 241485 | 285511 | 885059 | 896548 
187865 | 165825 | 197666 | 232703 | 274260 | 319671 
115357 | 188632 | 165281 | 195378 | 229286 | 267248 | 
98017 - 117894 | 140832 | 166157 | 194988 } 227273 | 
84639 | 101684 |} 121210 | 148307 | 168177 | 196023 | 
43184 | 88748 | 105789 | 125047 {| 146781 | 171085 
65051 | 78248 | 93266 | 110270 | 129406 | 150832 
57851 | 69584 | 82944 | 98067 | 115085 | 184140 
51840 | 62353 | 74826 | -87876 | 108126 | 120200 
46768 | 66247 | 67047 | 79271 | 98028 | 108430 
42433 | 61038 | 60840 | 71980 | 84414 | 98390 
38707 | 46557 | 55496 | 65614 | 77000] 89750 
35474 | 42669 | 50862 |} 60134 | 7OST1 | 82255 
$2651 | 39272 | 46814 | 565848 | 64954 | 175708 
80168 | 86286 | .48254 | -51140 | 60014 | 69951 
27973 | 88645 || 40106 || 47417 | 55646 | 64860 
26020 | 31297 | 37306 | 44108 | 51763 | 60833 
94275 | 29199 | 34805 | 41150 | 48292] 56288 
92710 | 27315 | 82860 | 88497 | 45278 | 52658 
21298 | 25618 | 80537 | 86104 | 42870 | 40385 — 
20031 | 24082 | 28706 | 838940 | 89830! 46424 | 
18862 | 22687 | 27043 | 81974 | 87528) 487386 | 
17806 | 21417 | 26529 |} 80184 | 85421; 41286 
16840 | 20955 | -24145 | 28547 | 838501 | 89049 
15955 | 19101 | 22828 | 27047 | 81740] 36997 
15142 | 18218 | 21711 |} 25669 | 801287 85111 
14393 | 17312 | 20686 |} 24898 | 28632; 38874 
13701 | 16480 | 19644 | 98995 | 27255} 81768 
13060 | 15709 | 18725 | 22189 | 25981 1 30283 
12466 | 14904! 17873 | 211381 | 24799] 28906 
11913 | 14880 | 17081 | 20195 ; 28700 | 27624 
11398 | 13710 | 16848 | 19822 | 229676 | 26430 
10918 | 18188 | 16654! 18508 | 21721 25817 
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TABLE 
Showing the Strength of the Teeth of Cast-Iron Wheels at a given 
Velocity. 
Thick- | Breadth Strength of teeth in horse power at - 


Pitch of | neasof | of teeth}. hee 

teeth in |teethin| | in 

inches inches. | inches. | 3 feet per 4 feet per 6 feet per 8 feet per 
: second. second. second. second. 


8-99 | 1°9] 76 | 20°57 | 27-48 | 41°14 | 84°85 
8°78 | 1°84 7:2] 17°49 | 28-82 | 84-98 | 46°64 
3°57 | 4:71 6°8| 14°78 | 19°65 | 29°46 | 89°28 
8-36 | 1°6| 6:4] 12:28 |.16.88 | 24:56 | 32°74 
8°15 | 1:5] 6 10°12 |. 18°60 | 90°24 | 26°98 
2:94 | 1:4] 5-6} 8-22 | 10°97 | 16:44 | 21:92 
2-73 | 1:3] 5-2] 6-58 | 8-78 | 18°16 {| 17°54 
2°52 | 12) 4:8] 5-18 6-91 | 10°36 | 18°82 
2°31 | 11] 4:4] 8-99 5°32 7°98 | 10°64 
2-1 10] 4 8-00 4°00 6:00 8-00 
1-89 ‘9| 3:6] 2°18 2°91 4°36 5°81 
1°68 *8/ 8:2] 1°58 2°04 8-06 8-08 
1:47 ‘7 | 2-8] 1°087 | 1:87 2°04 2°72 
1-26 "6 | 24 “64 “86 1°88 1°84 
1-05 5 | 2 875 “50 “16 1°00 


Fornirure O1.—1. Linseed oil 1 pint, alkanet $0z Digest in a 
warm place till colored, and strain. | 

2. The same, with } pint of oi! of turpentine. 

8. Linseed oil 1 pint, alkanet root 1 oz, rose pink 1 oz Let 
them stand in an earthen vessel all night. | 

4, A quart of linseed oil, 6 oz of distilled vinegar, 8 oz. of spirit. 
of turpentine, 1 oz. of muriatic acid, and 2 oz of spirit of wine. 

5. Linseed oil 8 0z, vinegar 4 oz, oil of turpentine, mucilage, 
rectified spirit, each 4 0z.; butter of antimony } 0z.; muriatic acid 
loz Mix. 

6. Linseed oil 16 oz, black rosin 4 0z., vinegar 4 oz, rectified 
epirit 3 oz, butter of antimony 1 oz., spirit of salts 2 oz; melt the 
rosin, add the oil, take it off the fire, and stir in the vinegar; let it 
boil for a few minutes, stirring it; when cool put it into a bottle, 
add the other ingredients, shaking all eens [The last two are 
especially used for reviving French polish. } 

4. Linseed oil 1 pint, oil of turpentine 4 pint, rectified spirit 4 
oz, powdered rosin 14 0z., rose pink 40z Mix. 

8, Linseed oil 14 oz, vinegar 14 0z, muriatic acid 4 oz. Mix. 


128 -Waient or Pree, 


TABLE 


Showing how to ascertain the weights of Pipes, of various Metals, 
and any diameter required. 


Thick- 

ness in Wrought Copper. 

parts of iron. 

an inch. 
1 -326 | lld lbs plate, -38 2 Iba lead, -488 
3a p 
ae 668 234 ac 73 “76 4 « 6&6 °967 
es 976 | 85 “ “ 1:14 54 1545 
t 1:3 464“ “ 1°52 8 * « 1-938 
#5 1° 627 58 9 93“ “ 9°417 
Te | 1:95 70 “© “ 2°28 | W *& * 29 
35 2-277 803 “© “ 2°66 | 18 “* “ 38°388 
t 2:6 98 6“ 66 8°04 15 “ _ 3°867 


Rule. To the interior diameter of the pipe, in inthes, add ‘the 
thickness of the metal ; multiply the sam by the decimal numbers 
opposite the required thickness, and under the metals name ; also, 
by the length of the pipe in feet; and the product is the weight of 
the pipe in Ibs. ° 

1. Required the es of a copper pipe whose interior diameter 
is 7} inches, its length 6} feet, and the metal 4 of an inch in 
thickness. ae 
15 + 125 = 7625 x 1:52 x 6°25 = 72°4 lbs. 

2. What is the weight of a Jeaden pipe 184 feet in length, 8 
inches interior diameter, and the metal } of an inch in thickness} 

3 + 26 = 3-25 x 3867 x 18°5 = 232°5 lba 
Note.—-Weight of a cubic iach of 


Lead equal . 4103 ~=—s I. 
Copper, sheet . "9205 “* 
Brass, da “ "9037 “* 
ron, do. ie “279 - 
Iron, cast “ "268 he 
Tin, do. “ ‘36 
Zine, do. “ "98 
“ ‘03617. —* 


To soipER TorTOIsE-sHELL.—Bring the edges of the pieces of shell 
to fit each other, observing to give the same inclination of grain to 
each, then secure them in a piece of paper, and place them between 
hot irons or pincers; apply pressure, and Jet them cool. The heat 
must not be so great as to durn the shell, therefore try it first on a 
piece of white paper... ie Ta” a Babe ath 
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TABLE 
Of the Weight of Cast-Iron Bale. 
Diameter weight Diameter Woight Diameter Weight 
ia inches. in Ibs. in inches. in Iba, in inches. in Iba. 
ey | en nn, | niet Pamene) 
2 1°10 6 29°72 10 1387°71 
24 1°57 6} 83°62 10} 148°28 
24 2°15 64 87°80 104 159°40 
28 2°86 68 42°35 104 171°05 
$ 8°72 q 47°21 11 188 * 29 
3} 4°71 "2 52°47 11} 196°10 
34 5:80 "4 58°06 lly 209°48 
3% 7°26 12 64°09 112 223°40 
4 8°81 8 70°49 12 237°94 
44 10°57 8t 77°32 122 263°18 
44 12°55 84 84°56 124 268° 97 
43 | 14°76 gh 92°24 198 285° 37 
5 17°12 9 100°39 13 30241 
5} 19°93 94 108° 98 13} 320°80 
54 | 22°91 94 118°06 134 838 °81 
52 26°18 OF 127° 638 13% $57°*93 


$ 


1. What will be the weight of a hollow ball or shell of cast-iron, 
the external diameter being 94, and internal diameter 8§ inches ¢ 


Opposite 94 are 118°06, and 
Opposite 83 are 92°24, subtract 


25-82 lbs., weight required. 


2. Requiring to remove a cast-iron ball 37:8 Ibs. in weight, anc 
in diameter 64 inches, and replace it by one of lead of an equa 
weight, what must he the diameter of the leaden ball? 


Weight of lead to that of cast-iron = 1°56, 


6°65" 
Then 56 


= 4/176 = 5'6 inches, the diameter. 


| To rRaNsFeR Enoravines to Praster Casts.——Cover the plat: 

| with ink, and polish its surface in the usual way; then put a wal 
of paper round it, and when completed pour in some finely pow 

| dered plaster of Paris mixed in water; jerk the plate repeatedly 

| to allow the air bubbles to fly upwards, and let it stand one hour 

| then take the cast off the plate, and a very perfect impression wil 
he the result. ; 
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Cast 


TABLE of the Weight of Cast-Iron Pipes, in lengths. 
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TABLE 
Of the weight of one foot length of Malleable Iron. 
SQUARE IRON. ROUND IRON. 
Scantling. Weight. Diameter. Weight. Circumfer. Weight. 
Pounds. Inches. Pounds. Inches. Pounds. 
0°21 + 0°16 1: 0:26 
0°47 # 0°37 14 0°41 
0°84 + 0°66 14 0°59 
1°34 § 1°08 14 * 0°82 
1°89 2 1°48 2 105 
2°57 t 2°02 24 1°34 
3°36 1 2°68 24 1°65 
4°25 14 3°33 2% 2°01 
6°25 1? 4°12 3 2°37 
6°35 1g 4°98 8+. 2°79 
7°56 14 5°98 34 3°24 
8°87 “1g 6°96 8% 3°69 
10°29 1} 8°08 4 4°23 
11°81 14 9°27 44 5°35 
13°44 2 10°55 5 6°61 
17°01 24 13°35 54 _ 4°99 
21°00 24 16°48 6 . 961 
25°41 23 19°95 64 11°18 
30°24 8 23°78 q 12°96 © 
41°16 3t¢ 27°85 "4 14°78 
53°76 34 32°32 8 16°92 
68°04 32 37°09 84 19°21 
84°00 4 42°21 9 21°53 
120°96 44 63°41 10 26°43 
164'64 5 65°93 12 31°99 


Fresco Paintine.—Apply any colors that are not injured by 
lime (according to taste), on a fresh mortared or plastered wall. 


To Take Fao-siMices or SigNaTurss.— Write your name on & piece 
of paper, and while the ink is wet sprinkle over it some finely 
powdered gum arabic, then make a rim round it, and pour on it 
some fusible alloy, in a liquid state. Impressions may be taken 
from the plates formed in this way, by means of printing ink and 
the copperplate press. 

WatouMaker'’s O1L, witcd NkvRe Corropes or Txickens.—Take 
olive oil and put iv into a bottle, then insert coils of thin sheet 
<i Expose it to the sun for a few weeks, and pour off the clear 
o 


Corrnta—Cxsr-Ieos Pirates. 1. 
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TABLE 


Of the Dimensions and Weight of Coppers, from 1 to 208 gallons. 
The Dimensions taken from lag to brim. 


24 se hw, a | y g 
sei ¢| ze i sf! g | ae li sf] a | zs 
$2/ 2 | 3 4 * | 4 a | 3 
z & | z Eo | 3 | go) 8 | 3 

| ga] 1 Ht | 24 | 15 | 223 || 203} 29 | 484 
1¢{ 21 3 || oa! 16 80 | 80. | 48 
M4} 8 | 44] 25 | 17 | 254] se | 86 | 84 

. 1] 4] 6 ff 253] 18 | 27 | 84 | 48 | 64g 
| lee] 8 26 | rp | set] a5 | 48 | 72 
173 | 6 9 2641 20° |: 36 | 86 | 638 | Oy 
isi | 7 | 103] 268] 21 | 813) 87 | 58 |! 87 
19g | 8 | 12 || 27°} 28 | 83 | 88 | 68 | 943 
20 | 9 | 13% | 272) 23 | 84a] 39 | 67 | 100} 
a1 {| 10 | 15 | 97] 24 | 86 || 40 | 71 | 1069 
972 | 25 | 874} 45 | 104 | 156 

22 | 12 | 18 | 2 | 26 | 89 || 50 | 146 | 219 
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Weight of Cast-Iron Plates, per superficial foot. 
| Frem one-eighth of an inch to one inch thick. 
' 


i *, 


1 inch. 
ths. o7. 


88 108 


X inch | inch: 
Ibs. oz. ; tba. oz. 
29 0 |38 138 


3¢ ine | inch. | } inch. | % inch. 


36 ineb. 
Iba. oz. Ms oz. | Ibs. oz. { Ibs. oz. 


lds. oz. 
4 a 9 10% 


14. 8/19 5gj24 28 


' THe MANNER ‘of Sdtpekmd Ferrvews ror Toot Hanpies, &e.— 

ake your ferrule, lap toand the jointing a‘small. piece of brass 
wire, then just wet the ferrule, scatter on the joining ground borax, 
put ft on the end ef a wire, and hold it in the fire till the brass 
fuses.” It will fill “up the joinimg; ahd form a perfect soltler. It 
‘may afterwards betirned mthetathe - © .. = 


' Cast Encravines.—Take the engraved plate you intend to copy, 
jand arrange & pepper miftable. materials rqund it, then pour on 
it the following alloy in a state of perfect fusion: tin 1 part; lead 
64 parts; antimony 12 parts. These “cast plates” may be worked 
‘off on a compion: printing-preas, and offer a ready mode of procuring. 

cheap copies of the works of our celebrated artista. | 
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TABLE 
Of the Bore and Weight of Cocks. 


Content of Weight of Content of Weight of 
Copper. Bore of Cock. Cock. Copper Bore of Cock. Cock. 


Galions Inches Pounds Galions. laches Pounds. 
$0 1¢ 4 200 23 30 
50 1} 8 260 8 84 
80 2 12 840 3¢ 44 

120 24 19 420 3+ 56 
150 24 26 430 an 8% 70 
upwards. 


Three-fourths of the diameter of the bore, taken at the hinder 
part, will give the diameter of the cock at the mouth, 


TABLE 
Of the Weight of Lead, per superficial foot. 


From one -sixteenth of an inch to one inch thick. 


Thickness. | Weight. ||Thickns.| Weight. ruecs Weight. || Thickness. | Weight. 


inch. Ibs. inch. Ibs. inch. Ibs. inch. Ibs. 
1-16th 82 1-8th q + 1-4th 142 8-4ths. 444 


1-12th| 5 1-6th| 10 || 1-8rd| 19} linch | 59 
1-10th| 6 1-5th| 12 || 1-half] 294 


Weight of Lead Pipe of the usual thicknesses. 
Per foot in length. 
ae bore . . 1Ib.1 oz 
. 1 1b. 8 on —1 1b. 12 oz, — 2 Iba 


1 - ~ »« 2l)ba — 2 lba 11 on — 2 Ibs. 14 oz 
1 oe . 8 iba — 3 lbs. ll on — 4 lbs. 7 oz 
1+ * - « 4)bsa — 4 Ibs. 11 0, — 5 lbs. 9 oz, 
8 « - « &lbea 9 on, —7 Ibs. — 8 lbs. 5 oz, 


24 « - . FTibe — 8 lba. 9 oz —10 Iba 


Weight of Copper Tubing. 
Of the usual thickness. 
When the inside diameter is } of an inch, 8 ounces; $ of an 
inch, 5 ounces; } of an inch, 6 ounces; § of an inch, 8 ounces; 
and $ of an inch, 10 ounces per foot. 
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STRENGTH OF MATERIALS. 


Materials of construction are liable to four different kinds of 
atrain, viz. stretching, ee transverse action, and torsion or 
twisting: the first of which depends upon the body’s tenacity 
‘alone ; the second, on its resistance to compression ; the third on 
its tenacity and compression combined; and the fourth, on that 
property by whieh it opposes: any acting force tending to change 
rom a straight line, to that of a spiral direction, the fibres of which 
the body is composed. 

In bodies, the power of tenacity and resistance to compression, in 
the direction of their length is as the cross-section of their area 
multiplied by the results of experiments on similar bodies, as exhi- 
| bited in the following table: 


TABLE 


Showing the Tenacities, Resistances to Compression, and other Pro- 
perties of the common Materials of Construction. 


Absolute. Compared with Caat Iron. 
Names of Bodies. Tenscity — Its , = 1 
dandy compres | strength | °T'r72' | stiffness 
ne pre | oe SP ee 
BOR 6s piees Sense 14180 — 0 23 2°6 0.089 
Beech.........20.. 12225 §548 0°15 271 0°078 
Brass ..... castes 17968 | 10804 0°435 | 0°9 0°49 
Brick vs: oisdicetoeules 275 562 — — — 
'Cast ATOM sgasne ket 13484 | 86397 1000 | 1°0 1:000 
{Copper (wrought)...| 33000 — — — — 
(RGIS ei dais pe escs Grace 9720 1088 0°21 2°9 0078 


'Fir, or Pine, white. .| 12346 | 2028 0-238 2°4 0-1 
es “« red....{ 11800 5875 0:3 2°4 Uh | 
re ig yello w.| 11835 5445 0°25 29 0°087 


coe Lean _ 10910 _ — — 
un-metal (copper : . : 
aed Ge t $5888 | — 065 | 1-25 | 0-585 
Malleable iron..... 56000 — 1.12 0-86 | 1:3 
Larch.............| 12240 | 5568 | 0136 | 2°3 0058 
Lead ....... gee Sie’ 1824 — 0°096 | 2°5 0°0885 
Mehogany,Honduras; 11475 | 8000 024 | 29 0°487 
Marble ........... 551 | 6060 — _ — 
Oak....... cevceeeo) 11880 9504 0°25 2°8 0093 
Rope (lin. in circum.) 200 — — _ - 
$OGl shi see sce ces 1280006 _ — — —_ 
Tin (cast) ....... .| 4786, = 0°182 | O75 | 0°25 
Zine (sheet). .... woof 9120} 0365 | 05 | 0-76 


e 


$6 ‘Ropes anp Caains—Truser. 


TABLE : : ’ 


Of. the Comparative Strength and Weight of Ropes and Chains, 


oo. 


x : ae teal gl ad ae 
é& | #2 |63) 3 E: é. 53 a3 #3 ES 
aie, esi eminem |e ARs eee abel Me 
$4} of | al bb] 2 ot ll ia} ax} .¢.| 48110 0 
44] 42 | @} 8 | 1 168 | 1ogl os} tp | aot ands 
5 | 5g | |} 10g] 2.10 |] 114] 803] 1 in | 56] 13 8 
ba; 7 | 4] 14 | 8 54] 123) 86/1, | 68 | 14 18 
64] of | & | 18 | 4.8} |] 13 | 39] 1g {71 | 18 14 
" {112 { & | 22 5 2 | 18946) & | 79418 11 
s |15 | tt] ov | 6 44 | 143] 483/112 | 87] 20 8 
seji9 | ] 32 | 7 7 Wf 15g] 56.11, | 96 | 22 18 
94 | 21 13) 87 | 8 183 | 16} 60] 18 [106 | 24 18 


7 ) 
! 


Note,—It must be understood, and also borne in mind, that ‘ih ‘estitmating the amount 
of tensile strain to which a body is subjected, the weight of the body.itself must also be 
taken into account ; for according to ity position a0 may it approximate to its whale 
weight, in tending to produce extension within itself; as in the ‘almost constant applica- 


tion of ropes and chains to great depths, considerable heights, a&c. ..... ’ | 


Resistance ta Lateral Pressure, or Transverse | 


Action. 
TABLE , - 


Of Data, containing the Results of Experiments on the Etasticity 
72 and Strength of various Species of Timber. 


i L Val iesof ...| Vat Vi 
epee’ | We | wet | Smamet | We | wee | 
| nana ea ae ma “eagi 
Teak, . . . | 274°7 | 2462 || Elm, . .., | 50°64 1018 
Poona, . . . | 122-26) 2221 || Pitch ping . | 88:68| 1632 
English Oak, . { 105 1672 || Red pine... .. | 133 1841 


Canadian do.,. |-156°5 | 2766 || New Eng, fir, | 158°5 | 11092 
Dantzic do. ¢--86°2 | 1487 || Rigado, . .. | 90 1100 
Adriatic do.,. 70° | 1883 || Mar Forest.dg.. |. 63 | | 1200 
Ash,.«. . 119 2026 || Larch, . ., . 76 900 


Beech, . . .| 98 | 1856 || Norwayspruce,| 105-47| 1474 
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| The strength of a square or rectangular beam to resist lateral 
poate acting in.a perpendicular direction to its Jength, is as the 

readth and square of the depth, and inversely as the length. Thus, 
a beam twice the breadth of another, all other circumstances 
being alike, equals twice the strength of the other; or twice the 
depth, equal four times the strength, and twice the length, equal 
(only half the strength, &c., according to the rule. 


To find the dimensions of a beam capable of maintaining a given 
weight, with u given degree of deflection, when suppurted at both ends. 


Rutz. Multiply the weight to be supported in Ibs. by the cube of 
the length in feet; divide the product by 32 times the tabular 
value of E, multiplied into the given deflection in inches; and the 
quotient is the breadth multiplied by the cube of the depth in 
inches, 

_ Note 1.— When the beam is intended to be square, then the fourth root of the quotient 
is the breadth and depth required. 

Note 2.—If the beam is to be cylindrical, multiply the quotient by 1°7, and the fourth 
toot of the product is the diameter. 

Exampie. The distance between the supports of a beam of Riga 
fir is 16 feet, and the weight it must be capable of sustaining in the 
middle of its length is 8000 Ibs., with a deflection of not more than 
4 of an inch; what must be the depth of the beam, supposing the 
breadth 8 inches? 


16 x 8000 — /is = jor | 

Te CE | a 15175 + 8 = V 1897 = 12°85 in, the depth. 
To determine the absolute strength of a rectangular beam of timber, 

when supported at buth ends, and loaded in the middle of its length, as 

beams in general ought to be calculated to, so that they may be rendered 

capable of withstanding all accidental cases of emergency. 


Rue. Multiply the tubular value of S by four times the depth of 
the beam in inches, and by the area of the cross section in inches; 
divide the product by the distance between the supports in inches, 

| and the quotient will be the absolute strength of the beam in lbs. 


Note 1.—{f the beam be not laid hunzontally, the distance between the supports, fai 
calcu'stion, must be the horizontal distance. 


Note 2.—One fourth of the weight obtained by the rule is the greatest weight tha! 
ought to be applied in practice as permanent ‘load. 


Mote 3.—1f the load is to be applied at any other point than the middle, then the 
st-ength will be as the product of the two distances is to the square of half the length of 
the beam between the supports ; or, twice the distance from one end. multiplied by twice 
from the other, and divided by the whole length, equal the eflective length of the beam 


Examp.e. In a building 18 feet in width, an ongine boiler of 51 
tons is to be fixed, the centre of which is to be 7 feet from the wall 
and having two pieces of red pine, 10 inches by 6, which I can lay 
across the two walls for the purpose of slinging it at each end, may 
I with sufficient confidence apply them, so as to effect this object? 


oT SA NS en 


12* 
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2240 x 55 


== 6160 lba to carry at each end. 


ind 18 feet —'7 = 11, double each, or 14 and 22, then 


= ms 27 17 feet, or 204 inches, effective Jength of beam. 
| 1341 10 x 60 
‘abular value of S, red pine, = a eae a = 15776 lbs. 


he absolute strength of each piece of timber at that point. 


Th determine the dimensions ofa rectangular beam capable of sup- 
vorting a required weight, with a given degree of deflection, when fixed 
it one end. 

Rute. Divide the weight to be aL Oe in lbs., by the tabular 
ralue of E, multiplied by the breadth and deflection, both in 
nches; and the cube root of the Bane multiplied by the 
ength in feet, equal the depth required in inches. 

Exampye. A beam of ash is intended to bear a Joad of 700 Ibs. at 
ts extremity, its length being 5 feet, its breadth 4 inches, and the 
leflection not to exceed 4 of an inch. 


Tabular value of E= 119 x 4 x ‘5 = 288 the divisor ; 
hen 700 -+ 238 = W204 x 5 = 7-25 inches, depth of the beam. 


To find the absolute strength of a rectangular beam, when fired at 
me ond and luaded at the other. 


Ruts. Multiply the value of S by the depth of the beam, and by 
the area of its section, both in inches: divide the product by the 
everage in inches, and the quotient equal the absolute strength of 
the beam in Ibs. 


Exampie. A beam of Riga fir, 12 inches by 44, and projecting 
34 feet from the wall; what is the greatest weight it will support 
at the extremity of its length ? 


Tabular value of S = 1100 
12 x 4:5 = 54 sectional area, 


Then, 1100 oe x 54 


When fracture of a beain is produced by vertical pressure, the 
fibres of the lower section of fracture are separated by extension, 
whilst at the same time those of the upper portion are destroyed by 
colupression ; hence exists a point in section where neither the one 
nor the other takes place, and which is distinguished as the point 


= 9188°4 Iba, 
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of neutral axis. Therefore, by the law of fracture thus established, 
and proper data of tenacity and compression given, as in the table 
(p. 185), we are’ enabled to form metal beams of strongest section 
with the least possible material. Thus, in east iron, the resistance 
to compression is nearly as 6} to 1 of tenacity; consequently 
a beam of cast iron, to be of strongest section, must be of the follow- 
ing form, and a parabola in the direction of its length, r 

the quantity of material in the bottom flange being 
about 64 times that of the upper. But euch is not the 
ease with beams of timber ; for although the tenacity 
of timber be on an average twice that of its resistance 
to compression, its flexibility is so great that any considerable 
length of beam, where columns cannot be situated to its support, 
requires to be strengthened or trussed by iron rods, as in the follow-, 
ing Manner : | 


3B 


and these applications of principle not only tend to diminish defiec- 
tion, but the required purpose is also more effectively attained, and 
that by lighter pieces of timber. 


To ascertain the absolute strength of a cast-tron beam of the pre- 
ceding form, or that of strongest section. 


Rute. Multiply the sectional area of the bottom flange in inches 
by the depth of the beam in inches, and divide the product by the 
distance between the supports, also in inches; and 614 times the 
quotient equal the absolute strength of the beam in ewts. 

The strongest form in which any given quantity of matter can be 
disposed is that of a hollow cylinder; and 1t has been demonstrated 
that the maximum of strength is obtained in cast iron when the 
thickness of the annulus or ring amounts to 4th of the cylinder’s 
external diameter; the relative strength ofa solid to that of a hol- 
low cylinder being as the diameters of their sections. 


ToRTOISE-8HELL GROUND For Merat.—Cover the plates intended 
to represent the transparent parts of the tortoise-shell with a thin 
coat of vermilion in seed-lac varnish. Then brush over the whole 
with a varnish composed of linseed oil boiled with umber until it is 
almost black. The varnish may be thinned with oil of turpentine 
before it is used. When the work is done it may be set in an 
oven, with the same precautions as the black varnish 


Force in Pitz-Drivinc.—In a sandy soil the greatest force of a 
pile-driver will not drive a pile over fifteen feet. 
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TABLE 
Showing the Weight or Pressure a Beam of Cast Iron,1 inch in 
breadth, will sustain, without destroying its elastic force, when tt is 
supported at each end, and loaded in the middle of its length, and 
also the deflection in the middle which that weight will produce. 
Length.| feet. | 7 feet. 9 feet. 9 feet. 10 feet. 


ree fe eremamagemy I pe a 


e.| = |83/ = | 883; = | Ss 7 a 3 
=3 1 26 | sf] g/3 Sy | od sais 

a2 | 5 |22| 5 |x| 5 | as &s|$ | as 
8 | 1978) 24 | 1089] -88 | 954! -426 54 vai 66 
84 | 1789] -205| 1482] -28 | 1298) -365 46 | 1041) 57 
4 | 2972] -18 | 1936] -245} 1700] 32 405} 1860} °5 
44 | 2875] 16 | 2450} -217| 2146] -284 36 | 1721] 443 
5 | 3560] 144! 8050! -196] 2650] -256 82 | 2125] -4 
6 | 5112] °12 | 4356] 168] 3816] -213 a7 | 3060) ‘38 
7 | 6958] 103] 5929} -14 | 5194] -183 28 | 4165] ‘29 
8 | 9088] 09 | 7744] 123) 6784/16 208) 5440) 25 
9 9801| *109| 8586] 142 18 | 6885] ‘22 


12100} -098/10600) °128) 9500} °162) 8500) -2 


10 | 
11 12826] °117/11495] 15 |10285) -182 
12 15264] “107|18680| 135)12240, -17 
13 16100] °125 14400: 154 
14 18600] -115/16700, -143 
12 feet. 14 feet. 16 feet, 18 feet, 90 feet. 
6 | 2548] -48 | 2184) -65 | 1912| -85 | 1699] 1-08 | 1580] 1°34 
4 | 8471/41 | 2975] -58 | 2603] 73 | 2814] -98 | 2089| 1°14 
8 | 4532] 36 | 3884) 49 | 3396] -64 | 8020] -81 | 27201 1-00 
9 | 5733] 82 | 4914] -44 | 4302] 57 | 8825] -72 | 3488] -89 
10 | 7088] -28 | 6071) -39 | 5812) 51 | 4722] -64 | 4250) -8 
11 | 8570) ‘26 | 7346] -36 | 6428) -47 | 5714} ‘59 | 5142| ‘78 
12 |10192| -24 | 8736] 33 | 7648] -43 | 6796] “54 | 61201 -67 
13 |11971| -22 |10260| -31 | 8978|-39 | 7980] -49 | 7182] -61 
14 |13883} -21 |11900| -28 |10412/ 36 | 9255] -46 | 8830] -57 
15 |15937) ‘19 [13660] -26 |11952| -34 j10624] -43 | 9562] -538 


16 |18128] -18 
17 '20500) °17 
18 as "16 


15536] ‘24 |13584, ‘32 |12080) -40 |10880) °5 
17500) ‘23 |)5353| -3 118647; -88 |12282! -47 
19656) -21 |17208| 28 pstoo "86 118752) “44 


Note.—'This table shows the greatest weight that ever ought to be laid upon a beam 
for permanent load ; and. if there be any liability to jerks, &c., umpie allowance must be 
made ; also, the weight of the beam itself must be included. 
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To find the weight of a cast-tron beam of given dimensions. . 
Rule. Multiply the sectional area in inches by the length in 
feet, and by 3-2, the product equal the weight in lbs. ' 
Ez. Required the weight of a uniform rectangular beam of cast 
iron, 16: feet in‘ length, 11 inches in breadth, and 14 inch in: thick- 
ness. : : 
11 x 15 x 16 x 8°2 = 844'8 lbs. 


Resistance of Bodies to Flexure‘by Vertical Pressure. 


When a piece of timber is employed as a column or support, its 
tendency to yielding by compression: is different according to the 
proportion between its length and area of its cross section; and 
supposing the form that of a-cylinder whose length is jess ‘than 
seven or eight times its diameter, it is iy age ah to bend it by any 
force applied longitudiually, as it will destroyed by splitting 
before that penene can take place; but when the length exceeds 
this, the column will bend under 4 certain‘load, and be ultimately 
destroyed by a similar kind of action to that which haa place in 
the transverse strain. 

Columns of cast iron, and of other bodies, are also sithilarty cir- 
cumstanced, this law having recently been fully developed by the 

| experiments of Mr. Hodgkinson on columns of different diameters, 
and of different lengths... 

When the length of a cast-iron column with flat ends equals 
about thirty times its diameter, fraeture will be produced wholly 
by bending of the material When of lesa length, fracture takes 
place partly by crushing and partly by bending., But, when the: 
column is enlarged in the middle of its length from one and a half 

| to twiee its diameter at the ends, by being cast hollow, the strength 
|is greater by 4th than in a solid column containing the same 
quantity of material. 


To determine the dimensions of a support or column to bear, 
without sensible curvature, a given pressure in the direction of its 
axis. 

Rule.—Multiply the haw to be supported in lbs, by the 
equare of the column’s length in feet, and divide the product by 
twenty times the tabular value of E; and the quotient will be 
equal to the breadth multiplied by the eube of the, least thickness, 
both being expressed in inches. 


Note 1.—When the pillar or support is a square, its side will be the fourth root of the 
quotient. 


2 If the pillar or colamn be a cylinder, malaply the tabuler value of E by 12, and the 


. 


tuurth root of the quotient equal the diameter. 


Ez. 1. What should be the least dimensions: of an oak support. 
to bear a weight of 2240 lbs, without sensible flexure, ita breadth 
beiig 8 inches,-and ite length 5 feet? 
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Tabular value of E = 105, 

ait 2240 x 5° 

20 x 105 x 3 

fz. 2. Required the side of a square piece of Riga fir, 9 feet in 
length, to bear a permanent weight of 6000 lbs, 

Tabular value of E = 96, 
ang COO 
20 x 96 


= 4/3°888 = 2°05 inches. 


x 4/253 = 4 inches nearly. 


TABLE 


Of the Dimensions of Cylindrical Columns of Cast Iron to sustain a 
given or pressure with safely. 


Lenetu on Hucart in Feet. 


8 | 10 | 12 | 14; 16 | 18 | 20 | 22 | 24 


Diameter 
in inches. 
ob 


| 


Weiaat on Loap In Cwrs. 


72) 60; 49 40; 382) 26) 22) 18 15) 13) 11 
119} 106 91; 77; 65) 55; 47; 40) 384| 29) 25 
178; 163} 145! 128) 111; 97} 84; 73; 64} 56; 49 
247) 232| 214) 192) 172] 166) 135) 119) 106; 94) 88 
326} 310} 288; 266) 242) 2267 198) 178} 169) 144] 180 
418) 400} 879) 354| 327] 301) 275) 251) 229} 208 189 
522) 501) 479) 452) 427| 394) 365) 337) 310) 285) 262 
607| 592] 6578) 550] 525] 497) 469) 440) 413) 386) 360 

1082] 1018) 989} 959; 924| 887] 848) 808) 765) 725] 686 
1333) 1315} 1289) 1259}1 224/1185)1142)1097/1052/1005| 959 
1716} 1697| 1672/1 640)1603)/1561/1515/1467)1416/1864/1311 
2119} 2100} 2077}2045/2007 |1 9641191 6/1 865)181 1/!755/1697 
2570) 2550] 2520/2499/2450/2410/2358/2305/2248/2189)21 27 
3050} 3040} 8020|2970]2930/2900/ 2881/27 80/2730) 2670/2600 


eer 


past 
Se Be Se ee ee 


fund pont 
Ro == 


Practical Utility of the preceding Table. 

Ez. Wanting to support the front of a building with cast-iron 
columns 18 feet in length, 8 inches in diameter, and the metal 1 
inch in thickness; what weight may I confidently expect each 
column capable of supporting without tendency to deflection ? 
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Opposite 8 inches diameter and under 18 feet = 1097 
Also opposite 6 in. diameter and under 18 feet = 440 


= "657 cwt, 
Note.—The strength of cast iron as a column being 1°0000 
_ steel i = 2'618 


- wrought iron‘ = 1745 
- (oak) Dantzic “ = ‘1088 
cs red deal “ = ‘0785 


Elasticity of Torsion, or Resistance of Bodies to Twisting. 


The angle of flexure by torsion is as the length and extensibility 
of the body directly, and inversely as the diameter: hence the 
length of a bar or shaft being given, the power, and the leverage 
the power acts with, being known, and also the number of degrees 
of torsion that will not affect the action of the machine, to deter- 
mine the diameter in cast iron, with a given angle of flexure. 

Rule. Multiply the power in tba by the length of the shaft in 
feet, and by the leverage in feet; divide the product by fifty-five 
times the number of degrees in the angle of torsion; and the fourth 
root of the quotient equal the shaft’s diameter in inches. 

Ex. Required the diameters for a series of shafts 35 feet in 
length, and to transmit a power equal to 1245 lbs, acting at the 
circumference of a wheel 2} feet radius, so that the twiet of the 
shafts on the application of the power may not exceed one degree, 


1245 x 85 x 2°5 


= (/1981 = 6°67 inches in diameter. 


65 x 1 
Relative Strength of Metals to resist Torsion. 
Castiroh ... . =1' Swedish bar iron . —=1°05 
Copper. . . . = 48 | English do... . =1°12 
Yellow Brass . = ‘611 | Shear steel . . . =1°96 
Gun-metal. . . = 55 | Castdo. . . . . =2'1 
Map Colors. 
YELLOW. 
1. Dissolve pate in water. 
2. Make a decoction of French berries, strain, and add a little 
gum arabic. 
- RED. . 
1. Make a decoction of Brazil dust in vinegar, and add a little 


gum and alum. 
2. Make an infusion of cochineal, and add a little gum. 


BLUE 
A weak mixture of sulphate of indigo and water, to which add a 
little gum. 


GREEN. 
1. Dissolve crystals of verdigris in water, and add a little gum. 
2. Dissolve sap green in water, and add gum. 
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TABLE 


Of the Weight of a Superficial Foot of Plate or Sheet Iron, Copper, 
and Brass, in pounds. 


Iron. 
“ie 162-5 arg ]2°75 
is | 2° 17/2°.1812°52|2°4 
g| 4 é g,18)186)2-15]2-04 
ie fs | THE B 191-4 1°97|1°87 
S| ¢ | 10 9 g 201° 54/1°78)1 -69 
| te | Bars ||? Bola [1 6Qi1-54 
sl a ]15 Ws = 22/1 °295/1-4811 °37 
S| re | 175 He Biosii-1gi-s [1-28 
g + [20 — $ : 
| af | 22°5 |e 2 
£8 (2 26) 8 |} °-92) “88 
Te | 27°5 27| -72} 188] -79 
2 | 30 28} +64] 74) °7 
4 | 35 29) +66] 64] °61 
| 1 FP 405 fH 30) ° 6-4 1°68)" 55 


Note.—No.'1 wire gauge equal ,§ths of an inch. 


“ 4 6s } ac 
a | “ 3. «“ 
“41 6s anf " 66 
“ 16. ns mgs : 
&“ 99 és he 6° 


The great variety of thicknesses into which copper is manufac- 
tured, cause in trade the Weight to be named whereby to detér- 
mine the thickness. required, the unit being that of a. doramon 
sheet, so designated, viz 4 feet by! 2 feet, in‘Ibs, thus: i: . 
| A 70 Ib. plate is 3,ths of an inch in thickness. 

“463° > ‘eq. + , oo « 66 age a 


¢ 938 &é vs 6< “ 
6 1 

“ 114 is | " 3 ‘ . a 

“ 6 e Br «' a ‘6 


ees 1°16)1°1 
25) °9 |1°04) -99 
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The thickness of lead is also in common determined or under- 
stood by the weight, the unit being that of a square or superficial 
foot; thus: ; 


4 Ibs. lead is ;1,th of an inch in thickness, 
1 “ “6 


6 “ T 
: "4 $4 + . rt} bi 
an 
15 : ; 
Comparative. Weights of Different Bodies. 
Bar iron being 1, . Cast iron being 1, 
Castiron = ‘9 Bar iron = .1° 
Steel = 102 . Steel = 108 
Copper = 1°16 Brass = -1°16 
Brass = 1:09 Copper = 1-21 
Lead - = 1°48 Lead = 1°56 


1. Suppose I have an article of plate iron, the weight of which 
is 728 lbs., but want the same of copper, and of similar dimensions, 
what will be its weight ? 

428 x 1°16 = 844°48 Ibs. 

9. A model of dry pine, weighing 32} lbs, and in which the iron 
for ita construction forms no material portion of the weight, what 
may I anticipate its weight to be in cast iron? 

82°56 x 16 = 520 lbs. 
Note.—It frequently oecurs, in the furmation-or construction of models, that neither the 


li dition of the timber can be properly estamated ; and,in such cases, i 
uay ba near’ approximation to reckon 1S ibs of'cast iron to each bb. of model. 


| Snverine Pownen, é&c., for silvering copper, covering the. worr 


parts of plated goods, éo.—1. Nitrate of silver 80 gr., common sall 
30 gr., cream of tartar 34 dr. Mix. Moistened with water, anc 
rubbed on dial plates or other copper articles, it costs them with 
silver. 


2. Silver precipitated from its nitric solution by copper 40 gr. 
alum’ 30 gr., cream of tartar 2 dr., salt 2 dr, 

8. Precipitated silver 4 oz, common salt 2 oz, muriate of am 
monia 2 02,,.corrosiye sublimate 1 dr.. Make it into a paste witt 
water. Copper utensils are previously boiled with tartar anc 


alum, and rubbed with this paste, then made red hot, and after 
wards polished. 


4, Dissolve muriate of silver in a solution of hypesulphite o 


soda, and, mix this with prepared hartshorn, or other suitabl 
powder. 


Piativa For Srrines.—Platinum 1 part; gold 12 parta. Ad¢ 
the platinum to the gold in a state of fusion. 


eae ee me tae 
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tion of Timber. 
L. Flat or Board Measure, 


Tables by which to facilitate the Mensnra- 


Breadth | Area ofa: || Breadth | Area ofa Bteadth .|/ Area ofa 


in inches. | lineal foot. || in inches. | lineal foot. || in jnches. |. lineal foot. 
+ 0208 4 3334 8 6667 
3 SO4hT ll ak: "$842 8}. 6875 
4 "*0625 44. |, *875 8} 784 
1 0884 4%: 3958 SF “7292 
1} 1042 5 1 *4167 9 15 
1 125 5} "4375 94 ‘7708 
12 1459 54 -4583 94 1917 
2 1667 5S 4792 94 8125 
"1875 6 eR 10 ‘| *8334 
24 * 2084. 6} "5208 103.1 8542 
28 "2292 6 "5416 |. 104 875 
3 25 6 °5625 - 10% 8959 
2708 4 "5838 | 11 9167 
8 2916 ” 6042 112. 9375 
S$ '* $125 | 1% "625 - J1 9588 
| "8 "6458 112 9799 
Application and Uae of the Table. - 2 


1. Required the number of square feet in.a beard or plank: 164 
feet in length, and 92 inches in breadth. 


. Opposite 9% is 8125 x 16°5 =-18°4:eqnare feet. 


2. A board 1 foot 2% inches in breadth, and 21 feet in length; 
what is its superficial content in square feet? 


Opposite 2% is -2292, to which add the 1 foot. 
Then 1°2292 x 21 = 25°8 square feet. 


8. In a board! 15} inches at one end, 9 inches at the other, and 
144 feet in length, how many square feet? 


15:5+9 
2 


== 123, or 10208; and 1-0208 x 14°5 = 14°8 square feet. 


To erve Iron a TEMPER TO cut Porpuyry.—Make your iron red 
‘hot, and plunge it into distilled. water from nettles, acanthus, and 
pilosella, or in the very juice pounded out from these plants. 

Paste Fork cLeanine Metats.—Take oxalic acid 1 part; rotten- 
store 6 parts. Mix with equal parts of train oil and spirits of 


turpentine to a paste. . 


Musevnation or ‘Toxexe. 1a 
eae ae ee at ee ee ST ee eee Se 
8. Qubic.or Solid Measure. . 


One en omelet 


Mean ¢ Cubic feet Mean Cubic feet Mean X Cubic feet 


ee | tinged toot. ||), caekee ||. lineal aot. ||) Snchps: | lineal ge: “| 
ea = —| 
6 25-14 1861 92 3-362 | 
6t 272-4) 14g | -Be41 | 22h | 8-488 
64 1294 <i, 14h ]--2946 . ff a2 Bale 
64 ‘817 -]«14B | 1-511 a2g | 8508 
" ‘340 -{] 15 1562 |! a8 8-A73 
"3 "364 - 15p | 1°615 Qn¢ 3:754 
"4 ‘39 I} 18 ‘1 688 ox | 8:885 | 
re 4417 + -|) 15 -1°722 93} 8-917»! 
8 | 444 -ll 16. hr i ey i 
8t “472 H} «16 1°838 O44. |. 4084 
84 |. 1501 .-} . 16g | . -1°89 | O4h. | 1 40168! 
8% 531 16% 1:948 24% | 4:°954 =| 
9 “563 17 | 2008 jf 25 T° 4-2 
9} “594 172 | 2:066 25} 4°428 
94 626 ~ Wh] 21968 |! 254 4-h1t 
- 99 “659: . lig 9°187 {|r 258 4: 605 
10 604 «sl 18 2°25 || 26 4°694 
10} 73 18} 2°818 26¢:' | - 4°786 
104 766 18} 2°376 |i 263 4 876 
10% 8038 18% 2'442 «|| «264 4-969 
11 "84 19 2° 506 27 5 062 
11} 878 19p [' 2°674 PUB 5-158 
11} 918 194 2°64 vit 5252 
11% 959 194 2-709 || BTR 5° 348 
12 1: 20 2-777 =|; 28 °444 
12} | 1042 20} 2°898 28} 5542 
124 | 1-085 204 2°917 284 5-64 
13% | 1°129 208 | 2-99 288 574 
18 1°174 21 8°0o2 | 29 5°84 
133 | 1°219 214 8°136 294 5°941 
134 | 1/265 214 8-29 294 6-044 
182 | 1-818 214 8° 285 298 6146 


In the eubie estimation of timber, custom has established the rule 
of 3 the mean girt being the side of the square considered as the 
cross sectional dimensions; hence, multiply the number of cubic 
feet per lineal foot, as in the Table of Cubic Measure, opposite the 
girth, and the product is the solidity of the given dimensions in 
cubic feet. . . 

Suppose the mean 3 girth of a tree 21} inchea, and its length 16 
feet, what are its contents in cubic feet? 
8°188 x 16 = 60°176 cubic feet. 


148 | Oy tivpgns—Pipms, © 


CAST METAL CYLINDERS, 
The Cylinders are solid, each 1 foot in length, 


Diameter. Tron. Copper. Prass, Lead. 
inches, Iba. Ibs. Ibs. Ibs, 

1 2°5 8:0 2°9 3°9 

2 9°8 12°0 1]°4 15°58 

8 22°1 27°0 25°8 84°8 

4 39°3 47°9 45°8 61°9 

5 61°4 - 74°9 . 71°6 96°7 

6 88°4 107°8 108°0 189°8 

¢ 7 120°3 146°8 140°2 189°6 
" 8 159°1 191°7 183°2 247°% 
9 198°8 242°7 231°8 813°4 

10 245°4 299°5 286°2 887°0 


CAST-IRON PIPES. 


Tahle showing the Weight of Pipes 1 foot long, of bores from 1 inch 
to 12 fiche in diameter, advancing by 4 of an tnch ; and of thick- 
nesses from 4 of an inch to 1¢ caches advancing by 4 of an inch. 


in. | ibs. Ibs. Iba. bbs. Ibs. Ibs. 


1 31/ Sit] 74] 100] 129] 161 
1p} S71 6:0] S86] 11-5] 147] 183 
14 | 43} 69) 98] 13-0] 166 | 20-4 
12] 4:9] 7-8! 111] 14:6) 184] 22°6 
2 55] 88] 12:3 A¢6‘1 | 20°3 | 24°7 
2¢ | G1] 97) 13:5} 176) 221 | 26°8 
24 | 67] 10°6| 14°7| 19:2; 23°9] 28-9 
22 | 7-4] 11:5| 160] 207] 25°7/ 31:1 
3 80| 12:4] 17-2] 22-2] 27-6] 33°38 
34! 86| 123] 18-4] 23:8 | 29°5 |} 85:4 
34 |. 921 14:2] 19°6 | 25:3 | 31:3] 87°6 
3% | 98} 15:2] 20-9] 26-9] 338-:1| 80-7, 
4 | 10-4] 16:1) 22°1| 28-4] 85-0] 41°9 
44 | 111] 17-1 | 23-4] 30:0] 36:9! 44-1 
44 | 11-7] 18:0] 24:5} 31:4] 88-7] 46-2 
4% | 12:3] 18-9] 25°8| 38:0] 40°5 | 48-3 
5 | 12:9] 19°8| 27-0] 34°5| 42-3! 50°5 | 
5} | 18°5| 207 | 28-2] 36:1] 44-2] 52°6 
5} | 14:1] 21°6| 29°5 | 37°6 780) D8) 
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CAST-IRON PIPES. 
Continued.) ; ‘ . : ; 


5 ee ee ee ee ee oe 


Ibe. | Ibs. lbs. Iba. | Ihe. Ibs. Ibs. 


30-7 | S@1} 479] 56-0} 66-3) 76:0) 85:9 
81-9] 40°7 | 49°7| 59:1] 68°7| 78-7} 888 
88°] | 42-2] 51°5| 61-2] 71-2) 81-2] 92-0 
84:4| 43°7| 58:4] 68:4) 78-4) 84-2] 95-1 
856] 45°3| 55°2] 65°38) 76-1] 87-0) 98-2 
36°8 | 46:8 | 56°8| 67-7] 78-5) 89-7] 101-2 
$8°1 | 48°1 | 58:9] 69°8| 81-0} 92-5] 104-2 
391] 49°9| 60°77 | 72-0! 88-5} 95°83| 107°4 
40°5 | 61-4 62°6| 74:1) 86-9] 98-0] 110°5 
41-7 | 52:9! 64:4] 76-2} 88-4] 100-8) 113°5 
43-0 | 64°5| 66°3| 78:4) 90-8) 103-5] 116°6 
44:41 56°2| 68:3} 80-8] 93:5] 106°5| 119-9 
45°41 57°56 | 700} 82-7} 95-7) 109°1| 123-7 
46°6| 59'1| 71°38) 84°8] 98-2] 111-8] 125-8 
47°9 | 60°6 | 78°6| 87-0} 100-6] 114-6] 128-9 
491} 62°1| 75-5] 891) 103-1) 117-4] 131-9 
503! 68°71 77°38] 91-St 105-5) 720°] 135°0 
51°5| 66-2 | 79°2) 98°4/ 108-0) 222-8) 188-1 
528} 687! 81°0-| 98s) 110°4| 125-6] 141°1 
54:0| 68°38] 82°8| 97°7| 112-0) 128-4) 144°2 
552) 698 | 84-7} 99-9! 115-4| 131-2) 147°3 
71°3| 86:5 | 102-0] 117-8] 133-9] 150-3 
57°77 | 72-9| 88:-4| 104-2] 120-8] 136-7] 153°4 
114 | 28:8 437| 58°9 | '74°4| 90-2 | 1063] 142-7] 139-4] 156-4 
112 | 29°5 | 44-6! GO-L | 75°09 | 92-0} 108-5) 125-21 142°Y} 159°5 
12 | 30:1} 45°6| 61:4 / 71°5| 98-6 |'110°6| 127°61.145-0] 162°6 


Strength of Journals of Shafts. 


Mr. Buchanan’s rule is: The cube root of the weight in ewts. is 
nearly equal to the ditmeter of the journal; it being prudent to: 
make the journal a little more than leas, and to make a due allow- 
ance for wearing. 


Ex. What is the diameter of a journal of a \water-wheel shaft, 13 
feet long, the weight of the wheel being 15 tons? 


By Mr. B.’s rule, | 
4/16 x 20 2= 67, or 7 inches diameter. 


13* 
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By Mr. Tredgold’s rule, 

Weight in the middle, -—~" x 18 = 878 3/878 = 04 inches diam.| 

486800 _ 
10 = 


Weight equally distributed, 33600 x 18 = 486800 
7°65 inches. 


Tv resist Torsion or Twisting. 


It is obvious that the streng‘h of revolving shafts* is directly 
as the cubes of their diameters and revolutions; and inversely as 
the resistance they have to overcome. 

Mr. Robertson Buchanan, in his Essay on the Strength of Shafts, 
gives the following data, deduced from several experiments, viz. : 
-That the fly-wheel shaft of a 50-horse-power engine, at 50 revolu- 
tions per minute, requires to be 74 inches diameter; and therefore 
the cube of this diameter, which is = 421°875, serves as a multi- 
plier to all other shafts in the satne proportion: and, taking this as 
a standard, he gives the fo"'owing multipliers, viz. : 

For the shaft of a steam-engine, water-wheel. or any shaft connected with a first 

For shafts ‘in inside of mills. to drive smaller machinery, or connected with the 

shaftaabove, . .  . . .+ © «© «© »o© «© +» «© «8 « 

For the small shafts ofa millor machinery, . . .» «© +6 «© «© « 100 

From the foregoing, the following rule is derived, viz: The 
number of horse power a shaft ie equal to is directly as the cube of! 
the diameter and number of revolutions; and inversely as the, 
above multipliers. 

Ez. 1. When the fly-wheel shaft of a 45-horse-power steam 
engine makes 90 revolutions per minute, what is the diameter of 
the journal! 


45 — = 200 V200 = 5,8, inches diameter. 


Kz, 2. The velocity of a shaft is 80 revolutions per minute, and 

its diameter is 8 inches; what is its power? 
: 
: ee = 5°4 horse power. 

Ez. 3. What will be the diameter of the shaft in the first 

example, when used as a shaft of the second mover.+ 
68, 45 X 200g : 
sos 4°64, ar oo 41 inches diameter. 


* Shafts here are understood as the journals of shafts, the bodies of shafts being gene- 
rally made square. : anf : 

+t The diameters of the second movers wil: be found by dividing the numbers in the 
table by 1°26, and the diameters of the third movers. by dividing the numbers by 1°56, 
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It is.a well known fact, that a cast-iron rod will sustain more 
torsional pressure. than a malleable iron rod of the same dimen- 
sions; that is, a malleable iron yod will be twisted by a less weight 
than what. is’ required to wrench a cast-iren. a ie the same} 
dimensions: * «= - 2 ee a3 

‘When the strength of malfeable is less than that of east iron te} 
reaist torsion, it is stronger than edst iron. to résist lateral pressere, 
and that.is in proportion as 9 is to 14. ee ; 

From the foregoing, it is easy for the millwrigh’ to make his 
shafts of the iron ‘best exited to overcome the vesistanee te which 
they will be subject, and the proportion of the diameters of thei 
journals, according to the iron of which they are made. __ 

Ex. What will be the diameter of a malleable iron journal to}: 
sustain an equal weight with a cast-iron journal ef 7 inches dia- 
meter? 

P=384R 5 | 

As 14 : 34329 22203; now 4/2206 = 6-04 inches diameter: 


Strength of Wheels. 

The arms of wheels are as levers fixed at one end, and loaded at 
the other ;. and, eonsequently, the greatest strain is upon the end of 
the arm next the akle’ For that reason, al} arms of wheels should! 
be strongest at that part, and tapering toward the rim. i 

The rule for the breadth and thickness of arms, according to 
their length and nember in the wheel, is as fellows: Multiply the 
power or weight atting at the end of the arm by the cabe of its 
ength ; the prpduet of which, divided by 265¢ times the number v 
arms a aay by the deflection, will give the breadth and enbe 


of the dept 


Ex. Suppose thé force aetmg at the circumference of a spur- 
wheel to be 1600! Ibs, the radius of wheel 6 feet. und number of 


arms 8, and let the deflection net exceed ,,th of an inch 


1600 x 67 
2666 x & x b 


= 163 = breadth and cube of the depth 


Let the breadth be 2°5 inches; therefore us = 652; which is 


: 2% 
equal tp the eube of the depth Now the enbe root of 652 is 
nearly 4:03. inches{ this, consequently, is the depth or dimeasion 
of each arm in the direction of the force. : 


Note.— When the! depth at the rim is intended to be half that of the axes, use Fétu as ay 
divisor ingtead of 2656. ; : i 

The teath nre as beams, or cantilevers, fixect at one emt. and loaded atthe other The; 
rule sli Ll Radel tothem where the length of the beam is the length of the teeth 
und the depth the thickdess of the teeth. For the better explanation of the rule the 
following example ss geven. 


Ex. The greatest power acting at the pitch line of the whee? is 
pod Be ee 


‘m. 


Srexcry of Wer us 


| 
ieatebe: and the thicknes of the teeth 1} inch. the length of the 
| teeth being 4°25 feet; it is required to determine the breadth ol 
the teeth. 
6000 x 025 1508 . 
i See gagee gag eee ee ee 
in order thst the teeth emmy be capable of offering a sufficient 
resistance after being worn hy fraction, the breadth thus found 
shauld be doubled; thenefare. in the above exampla the bneadth 
‘shaadd be 6:4, or say 64 jauhes 
i ‘The following: data axe gleaned from experinents, which are 
\therefore valupble, and of mueb wse to the prastical mechani ; 
| Rede. Myltigly the breadth of tie teeth ivy the square of the 
thieknesa, and dliwide the paoduct by the mitt the quotient will 
j-be the praportienal strengéh ip horse power, with a velocity of 
2 27 fest per secend. 
Ee. Whet is the power of a wheel the teeth of which are £ 
\anebes broad, 1°6 inch thiek, and 1-8 aneh Jong, and revolving at 
the velocity of 3 feet per second 


EN, 


sx 6 AxS . 
Tae ty 1s = 7S airtngth st 227 Seat per senond, then 
T5 x3 
227 27%323= —yoq = 991 horse power 


figle. The is found by suliplying the cb rerard by 2:4, 

and the lenetl i tenn by suafipline ‘is thickness by J a 

Ex. The thickness being 2 inches, ee lenght 
2 x 21:= £2, pitch. 
2 x 22 = 24, leagth 
Fer table of the propertions of wheels; see next page. 
Note.—Theo vreaidth of the tecth,as commonly exeanted by the hest madhaniog 
eoms £0 he frcan abemt sevice ao chris Ae Tite. 
Bran Seor Corren —Take copper, melt A, and pour it ina smal 
sineam inte boiling water. 
Fearner Suor Correr—Tate ‘copper, mek #, and pomr it in 4 
emall stacam ante cold water. 
Lo presse Wass snem Dawexess. — When the walls are abou: 

{ina feet hivh, use for ane sow of stones or bricks 4 mixture of tar 
| pital, and dine eand, in the same way as thortar. The composition 
must be previously melted tu a proper consibtence. 

"Ta prevent Tngy vee Rusroe.—Warm your inon till you 
jeennot beat your band on it withuut daorning yourself. Theu rut 
it wit new and clean white wax Put it again to the fire till ¢ 
Yhas evaked am the wax. Whea duw rub it over with a piece o 

ance, This prevents the inen tromrushing afterwards 

1 
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4-2 2+ §: 36-28 
309 | 19 18 81-80 
378 °'| 18 12 98-54 
$67 | 17 6-8 25°54 
336 | 16 64° 22:54 
315 | 15 } 6: 19°82 
994 | 14 5°6 - 17-26 
273 { 13 4 69 24-88 
62 } 3:2 |. 48 12°68 
231 | Vl 4-4 10 64 
210 | 1: 4 8G} 
1:89 9 36 r14 
168 8 3-2 562 
1-47, 4 28 4°30 
1:96 6 24 _ $8 
105 5 2° 2-20 


ALLOYS, OR MISCELLANEOUS METALS. 


Chaudet’s Medal Metal. 
Copper 100 parts; tin 4-17. Cast in moulds formed of eupel 
bone ash. 
Lead in Grains. 
Lead, melt it, and pour it in a small stream from ical aot of 
three or four feet into cold water. 
Bell Metals. 
1. Copper 25 parts; tin 5. Mix. 
2. Copper 72 parts; tin 26. Mix. 
8. Copper 78 parta: tin 22, Mix. 
Common Bell Metal. 
Copper 100 parte; tinb0 = Mix 
Parisien Bell Metal. 
Copper 72 parte; tin 26}; iron 1{. ibe alley is = for the 
bells of small ornamental clocks. 
Both Metel. 
isan 32 parts; spelter $. -Mix. 


. ALLOYS. iq 


Another. 
Brass 35 parts; zinc 9. Mix. fs oy? 


Brass. 
Copper 8-parts. Melt, then add zinc 1 part. 
Button Makers’ Hine Brass. 
Brass 8 parte; sinc 5. Mix, "9 
Button Makers’. Common Brass. 
Button brass 6 parts; tin 1; lead 1. ; Mix, 
Bright Brase Color, - 
Brass reduced to fine’ powder. 
Red Brass Color. 
Copper filinge B parts; bole 2. Mix. 
Fine Brass. 
Copper 2 parts ; zine 1.. Mix, -- 
- Brass for Wire 
Copper 34 parts; ealamine 54 Mix 
10 give Plates of Copper a Braas Color. 
Expose the plates, after being sufficiently. heated, to the fumes o 


zine. 
Zo Brass. Copper Vesrsis, | - 
Argol 1 part; Saiieamn of zinc 1; muriatic acid 2; water to a 


the vessel. Mix, 
Brass or Hard Solder. 
Brass 2 parts; zinc 1. A little tin is occasionally added. 
+ Jewellers’ Metal. : 
Copper 80 parte; brass 10; tin 7. Mix. 
Fusible Alloys. 
1. Bismuth 8 parts; lead 6; tin 3. ‘This is fusible at boiling 
water heat. — 
2, Zine, lead, and bismuth equal arts. This may be fused in a 
bit of writing pgper, aad will melt even in hot water. 

Lead 8 parts; tin 2; bismuth 5. Mix. This alloy melts at 
197 Fah. In using this comporition to make casts of deals, gems, 
dc, it should be employed at the lowest possible temperature at 
which it will keep uid ; for this purpose it is as well to let it 
become pas ty and then forcibly impress the substances a ene 

4. Bismuth 2 parts; tin 3-parts; lead 5. Melt. che anes fuses 
in boiling water. 

German Silver. 

1. Nickel 1 part; zine 1; copper 2. : 

When intended for rolling into plates, use the following: 

2. Nickel 26 parts; -zinc’'20; copper 60; to which may be added 
8 of lead. 

3. Pure copper 55 parts; nickle 28; sinc 17; iron 8; tin 2 

- _ Fine White German Silver, 

Iron 1 part ; nickel 10; zine 10; copper 20. Mix. 
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German Silver for Castings, de. 

Lead 3 parts; niekel 20: zine 20; copper 60. 

Gennme Gerinan Silver. 
Cepper 40} parts; nickel 334; zine 253; ron 2h Mix 

; Gilding Metal. 
Copper 4 parts: brass 1: tin]. Fuse together. .. 
Another, 

Copper 14 parts; zine 6; tin 4 


To Separate Gold from Gilt Copper or | Stlver. 

Take a solution ef borax in water, apply to the gilt scrtace, and 
sprinkle over it some finely powdered sulphur; make the arte! 
red hot, and quench it in..water; then serape off the geld,’ and 
recover it by means of lead. 


Gold in Grains. : 
Gold 3 parte; silver t Granealate by pouring it in # email 
» stream, from a moderate height, inte eeld waters thew dissolve the 
silver with nitric acid, and wesh well in pure water } next heat the 
; grains, to give them a, proper lustre. , 


Conmon Gold 


et eatin tina dieneiadiabiialll 


ee aoe copper 16 parte: silver 2: gold 2° Melt together. 
ae Onian’s Fusible Metal. 


Tin 2 parts; lead $8: bismuth 5. Melt. This alloy melte at 197° 
Fah. The addition of a little mereury rendere it still more fusible. 
Alloy for Flute Key Valves 
Lead 4 parts; antimony 2. Fuse. . . 

Pewter. 
1. Tin 100 parts; antimony I7. Mix, 


: 9 Zinc 1 part; eopper 3. lead 8; tim 60 Melt the eopper, then 
add the rest. 


: 3&8 Fime. Tin &O parts. antimony 4: : bismath 1; copper 1 Mix, 
‘as before. 


4. French. Lead 9 parts: tm 47. Mix 


Keller's Medal Allog 
‘Ting parts; copper 89; zine 2 


2 
ts 


meee ee 


Gan Metal. 
' Brass 100 parts; spelter 13; tm 6. Mix 
Another. 


Copper: 9 parts; tin 3 
' “Pinchbeck. 


| dD "Brass 3 parte: copper 3. Meh wader ehareonl dust. 

2 Copper 5 parts: zinc 3 Melt the copper, then ace the zinc | 
Tin Filings. | 

Take grain tin. melt t m an iron vessel, and stir be while : 

cooling, until it Becomes # powder: then sift it. | 

Ho 
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Ti in Grains. 

Take Cornish grain tin, melt. it, and pour it- into a wooden box, 
well rubbed on the inside with whiting or chalk; close the cover, 
and continue shaking it violently until the tin is reduced to 

' powder; then wash it in clean water, and dry it ummediately. 
Mosaic Gold, or Molu. 
Take copper and zinc, equal parts. Melt at the lowest tempere- 
‘ture thit will fase the former; then mix by stirring, and add more 
zine, until the fused alloy becomes perfectly white; lastly, pour it 
into moulds. The proportion of zine to the copper is from 50 to 55 
‘per cent., exclusive of what is:lost by the heat employed. 
Hard White Metal. 
Tin 1 part; spelter 8; brass 20. Mix. 
: -: Turners Brass. 
Brass 98 parts; lead 2. Mix. 
Titania, or Britannia Metal. ; 
1. Plate brass 2 parts; tin 2; bismuth 2; antimony 2; copper 
1; arsenic 1. Mix, and add this alloy, at discretion, to melted tin. 
|, 2 Spanish. Of Spanish Titania metal there are two kinds) The 
‘first is made thus: Antimony 4 parts; tin 2; arsenic 1. The 
‘second is made in the following manner: Scrap iron 1 part; 
| antimony 2; nitre a litthe. Melt, and harden one pound of tin 
i with 2 oz of this composition. A little arsenic improves the color 
of this alloy. 
Tutenag. 
| Tin 2 parts; bismuth 1, Fase. 
Type Metal. 
| Lead 11 parts; antimony 2. Fuse. - a ae 
“+ Ring Gold. =” eae 
Spanish copper 6 parts; silver 3; gold 5; Mix 
Prince Ruperts Metal. 
Copper 2 parts; melt, and add zinc 1 part. 
White Metal, 
Brase 1 part; tin 2; antimony 4. 
Another. 
| Lead 20 parts; bismuth 12; antimony 1. Fuse 


Yellow Dipping Metal. 
Copper 19 parts; spelter 6. Mi 
A Metal that resemble Silver. 

Tin 3 0z; copper 1 Jb. This alloy will make a pale bell metal 

that will roll and ring very near to sterling silver. 
Silver Dust. 

__ Take silver, dissolve it in nitric acid, and precipitate it with 
slips of bright copper; wash the powder in spirits, and dry it. 
Imitation Platina. 
| Pale brass 8 parts; epelter 5. Mix 
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Dessanssy s Steel, 
Copper 100 parts; tin 14. This alloy may be hardened and 
sharpened 1 in a similar way to steel. 
Stereotype Metal. 
Lead 18 parts; antimony 4 parts; bismuth 2 parts. Melt. 
Another. 
Lead 16 parts; antimony 3 parts; tin 5 parts; copper 2 parts. 
Another. 
Lead 20 parts; tin 8; antimony 1. 
Specuinm Metel. 
Copper 43 parts; tin 20. Miz 


Another. 
Copper 7 parte; melt, and add zinc 8 parts, tin 4 
Prince's Metal. 
Copper 8 parts; zine I. 
Another. 
Brags 8 parts; zine 1. 
Another, 
Zine and copper, equal parts. Mix. 


To make Iron resemble Gold. 

Take.of lineeed oil 3 oz; tartar 2 oz; yolk of eggs, boiled hard 
and beaten, 2 OZ. ; aloes 1 oz; saffron 5 grains ; turmeric 2 grains. 
Boil together in an earthen vessel,. and with it wash the iron, and 
it will look like gold. Should, there not ne siaseed oil enough more 
may be added.. a 


"Queen's Metal, 
Lead 1 part; bismuth 1; antimony 1; tin 9. Mix. 
Another. . 
Tin 9 parts; bismuth 1; lead 2; antimony 1. Mix by melting. 
Another. 


Tin 1000 parts; regulus of antimony 89; bismuth 10; copper 
40. Melt the. copper, then sag ak add the. rest, and mix well 


together. 
Purifi 1 Quieksileer. 
Quicksilver 1 part; iren filings 1. . Distil in an iron a retort zato 
a vessel containing water. 


. + Mock Gold. . 
Platina 7 parts ; copper 16; zine I. Fuse together. . 
Bronze Metals. . 
For medals, and email castings—copper 95 pers tin 4. 
Another. 
Copper 89: parts; tin 8; zinc 8. 


Another. 
Ancient. Copper 100 parts; tin 7;-lead 7. 
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Another. 
Kellys Copper 91 parts; zine 6; tin 2; lead 1. 
Blaached Copper. 
Cepper 8 parts; arsenic } part, 
Manham Gold. 
Copper 3 parts; zinc 1. Melt separately, then suddenly mix 
them, and stir well, 


Red Tombac. 
Copper 11 parts; zine 2 Mix. 


Furntrure Pass. 


1. Melt 1 pound of beeswax with } pint of linseed oil, and add } 
ox alkanet root; keep it at a moderate heat till sufficiently 
colored, then remove from the fire, add } pint of oil of turpentine, 
strain through muslin; and put it into small gallipots to eool. 

2. Serape 4 oz of wax, and put it into a pipkin with as much 
oil of turpentine as will cover it, and } oz of powdered resin; melt 
with a gentle heat, and stir in sufficient Indian red to color it. | 

3. Equal weights of beeswax, spirit of turpentine, and linseed 
oi 

} Baoxzz Power. 


The best methods of preparing these powders are probably kept 
{seeret. The following are some of the published recipes: 

1. Gold leaf, or alloys of gold, redueed to powder by grinding 
them with sulphate of potash, or with honey, and washing away 
the extraneous matter with hot water, and drying the metallic 

der. 

2. Duteh metal, and other similar alloya, treated in the same 
way. 

re Verdigris 4 02; tutty 2 oz; sublimate 1 dr.; borax 1 dr. ; 
nitre i dr. Mix them into a paste with oil, and fuse the mixture in 
acrucible. This has failed in some hands, perhaps from the tutty 
being faetitious 

4. Mix together 100 parts of sulphate of copper, and 50 of 
erystallized carbonate of soda; apply heat till they unite. Powder 
the masa, when cold, and add 15 paris of copper filings; mix well, 

j and keep it at a white heat for twenty minutes. Wash and dry 
the product. 


Batts ror Scovrme—Breecues Barta, Crorars Batzs. 

1. Bathbrick 4 parta; pipeclay 8; pumice 1; softsoap I; ochre, 
umber, or other color, to bring it to the desired shade, q. 6; ox-gall 
to form « paste. Make it into balls, and dry them. 

2. Pipeclay 4 0z.; fuller’s-earth 4 02; whiting 4 07; white 
pepper + 0z ; ox-gall sufficient to form it into a paste, 


P 
8. Pipeclay 3 0oz.; white pepper 1 dr.; starch 1 dr, orris powder 
13 dr. It may be kept in powder, or formed into balls, as above. 
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MENSURATION OF CIRCLES. 


Circum ferences, and Areas of Cireles. 


Sw eee * S-. >. os S . < 
ee _§ | sed | cat did | zed | ts ses 
di | ge? geo | 22) 273 | ai | ef 538. 
a a oO | Sl ee ee kaa | am 2 eae 
4 12°566|| 9 63°617 
a 1963 | 00306] 3 13 364) 65-396 
; gaz7% | 01227) 3 14-286] Z 67-200 
5S | 5890] 02761 @ 15-033 § 69°029 
py 74854 | 049091) 4 15-904|| 4 10882 
3 | ‘981% | O7e70) Bf 16800) -& 11 42°71 89 
11781 | 21044[. § ITT201 = N4-6b2 
ve | 28744] 150383 Z 18665); 1@°5B8 
z | 28708} tees! 5 19635! 10 18540 
fy | 2671 | 24850) 4 20-6291 80515 
# [ 19635} -30680/ 2 21-647 2 82.516 
ra | 21598 | “S712 B 22690] # 84-540 
23562 | 441721 ¢ 2758 4 86590 
1% | 25525 | 61849) § 24°850]] § 88664 
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te | 20452 1 -eg030; £ | e-losi! 3 92-885 
| g-t4t 485 |, 6 28274] 11 95°0388 
% | 85384 994 t 29°464/, 4 | 97-205 
t | 3927 } 1227 | 3 808791 4 90-402 
# | 4319 | 1484 | & 81-919]| & 101 628 
& | 4712 | 1767 fF 4 33183; 103-869 
& | 5105 | 2073 | € 84-4711 § 106°189 
& | &497 | 2:405 § 85°784| 3 108454 
& | &890 | 2-761 | Z 87°122| g 110°758 
2 | 6283 | $141 | 7 $8:484/ 39 118-097 
% | G675 | 3546 | 4 39°871)} 4% 115486 
+ | 7068 | 3976 | 3 42-2821 2 | 117-859 
& {| 746) | 4430 | # 42-718) § 120-276 
4 | 7854 [| 4908 | 4 |28562/44-278) 4 | 122718 
@ | $246 | B4lk ff 45°663|| § 2} 125-184 
& | S639 }| 5930 | #£ 47-173|| 8 127-676 
% | 9082 } 6401 | 4 48-707|| 180-192 
8 | 9424 | 7-068 8 5-265! 18 332°782 
% } 9817 | 7-669 % | 25°525) 61-848!) 4 135-297 
+ $10-210 | 8295 | } | 25-918) 68-456!) 2 | | 487-886 
& lio6oz | sate | #£ | 26:310| 55-088] & }40°500 
+ {10-995 | 9622 | 4} | 26-703] 58-745] 2 148189 
# [132/388 (10320 | § | 27-096}58-426) § | 42°804| 345°802 
@ |11-78t [13-044 # | 27-489] 60-182) 148-489 
% [12178 412-798 % 127-8811 61-862] z 151-201 
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153-93 
156°69 
159°48 
162°29 
165°13 
167°98 
17087 
173-78 


17671 
179°67 
182°65 
185 66 
188-69 
191-74 
194°82 
197-93 


201-06 
204°21 
207-39 
21059 
213°82 
217-07 
220°35 
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230°33 
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384°46 
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471°43 
476°25 
481°10 
485:97 


490°87 
495°79 
50U°74 
605°71 
510-70 
§15°72 
§20°76 
§25°83 


580°93 
586-04 
541°18 
546°35 
§51°54 
556°76 
562-00 
567°26 


572°55 
57787 
583°20 
588°57 
593 95 
599°37 
604°80 
610°26 


615°75 
621°26 
626-79 
682°35 
687°94 
643°54 
649-18 
654°53 
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660°52 
666-22 
671°95 
67771 
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689'29 
695°12 
700-98 


706°86. 
71276 
718°60 
72464 
730-61 
786°61 
742°64 
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754°76 
760°86 
766-99 
77314 
"79°31 
"85°51 
191-78 
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804-24 
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835'97 | 
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992°84 
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1194°59 
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1209-95 
1217 °67 


122542 


1238-18 
1240-98! 
1248-79 


1256°64 
126450 
1272-39 
1280-31 
1288-25 
1296-21) 
1304:20; 
1312-21 


1820°25 
1328-32 
1886-40 
1344°5) 
1252°65 
1860°81 
1369-00 
1377-21 
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1469-18 
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138°2 
138°6 
139°0 
139°4 
139°8 
140°1 
140°5 
140°9 


141°3 
1417 
142-1 
142°5 
142°9 
143°3 
143-7 
144°1 


Circum. 
inches. 


1570 
157°8 
158°6 
159°4 


160°2 
161°0 
1617 
162°5 


163'3 
164°1 
1649 
165°7 


166°5 
167°2 
168°0 
168°8 


“169°6 
170°4 
1713 
373-0 | 


“Mensuratiox OF: Crnoxits. 


——— 


a 


168 


Diam. Cireum. | Area. 


Area. {Diam.| Cireum. Area. 
1520°58} 46 | 144°5 | 1661-90) 48 | 160-7 | 1809°56 
1529°18/ 4% | 1449 | 167095) 4 {| 151°1 | 1818: ‘99 
1587°86{ | 145-2 | 1680-01] 3 | 151°5 | 1828-46 
1546°55| 3 | 145°6 |1689:10/ 8 | 151°9 | 1887°93 
1555°28| 4 | 146-0 | 1698-23) 4 | 152-3 , 1847-45 
1564°03) § | 1464 | 1707-37] § | 162-7 | 1856-99 
1572°81)) 2 | 1468 | 1716-54) 2] 168-1 | 1866-55 
1581°61]} 4% | 147-2 | 172673) $] 153° | 187613 
1590°48]| 47 | 147°6 |1784:94) 49 | 153-9 | 1885°74 
1599°28!) 4] 148°0 |1744:18] 4] 164°3 | 1595-37 
1603'15]| } | 148°4 | 1753-45/| 3 | 164-7 | 1905-03 
1617-04 # | 148°8 | 1762-73|/| | 165-1 | 1914-70 
1625°97]] $ | 149-2 | 1772-05) 4 | 155°5 | 1924-42 
1634°92| | 149°6 | 1781°39]| 4 | 155°9 '1984:15 
1618-9 3 | 150 |1790°76)) g | 156°4 | 1943-91 
1652°88)) % | 150-4 | 1800°14|| g | 1566 | 1953-69 
Area in Area in aa cre eee ee ee Diam. Circum. Area in Area in 
square in. | square feet.:| in. inches. | square in. | squire feet. 
1963°5 | 13°63 551 172-7 | 2875-3 | 16°49 
1983:1 | 13°77 + | 1735 | 2897-4 | 16-64 
2002'9 | 13°90 | $| 1743 | 2419-2 | 16°80 
20223°8 | 1404 | 2] 175-1 | 2441°0 | 16-95 
2042°8 | 14°18 | 56 | 175°9 | 2463°0 | 17:10 
20639 | 14°33 | 21] 1767 | 2485°0 | 17°25 
2088-0 | 14°46 4) 1775 | 25071 | 17-41 
2103°3 | 1460 8} 1782 | 25294 | 17°36 
2123°7 | 1474 57} 1790 | 2651°7 | 17°72 
21441 | 1489 + | 1798 | 2574-1 | 17-87 
2164-7 | 15:03 || 4${ 1806 | 2596-7 | 18°03 
2185-4 | 15°17 Bi 181-41 2619°3 | 18°19 
9206-71 | 15°32 58 {| 182°2 | 2642°0 | 18°34 
2227°0 | 15°46 + | 182:°9 26649 | 18°50 
2245:0 | 15°61 4 | 183-7 | 2687°8 | 18°68 
22690 | 15°75 2) 1845 | 27108 | 1882 
2290°2 | 15-90 | 59 ne 2733°9 | 18-98 
2311-4} 1605 || 4] 1861! 2757-1 | 19-14 
28338 | 16°20 ¥ | 186°9 | 27805 | 19:30 
2354°2 16°84 £} 187-7 | 28039 19 47 
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Diam.| Circum. | Area in Areain {|Diam.| Circum. | Area in Area in 
; i in inches. | square io. | equare feet. 


eames | eee | ener GoceEesse | eo Gee | | Sutin | rae | core 


60 | 188-4 | 2827-4 69 | 2167 | 8739-2 | 25°96 
4] 189-2 | 2851-0 + | 2175 | 8766-4 | 26°15 
41 190° | 2874-7 4 | 218-3 | 37986 | 26-34 
2/ 1908 | 2898°5 a{ 2191 | 38210 | 26-58 

61 | 191°6 | 2922-4 70 | 219°9 | 38484 | 26-72 
+ | 1924 | 2946-4 + | 220°6 | 3875-9 | 26°91 
4] 193°2 | 29705 4 | 221-4 | 39036 | 27°10 
21 1939 | 2994°7 & | 222-2 | 8931:3 | 27°30 

62 | 1947 | 8019-0 : 71 | 223-0 | 3959:2 | 27-49 
+ | 195°5 | 3043-4 | 2 | 223-8 | 3987-1 | 27-68 
+ | 1963 | 8067-9 4 | 2246 | 4015:1 | 27°87 
£{ 197-1 | 30925 B] 225-4 | 4043-2 | 28-07 

63 | 197°9 | 3117°2 72 | 2261 | 4071°5 | 28-27 
+ | 1987 | $142°0 4 | 226-9 | 4099°8 | 2847 
+ | 1994 | 81669 4 | 2277 | 41282 | 28-66 
# | 2002 | 3191-9 2 | 2285 | 4166-7 | 28°86 

64 | 2010 | 82169 78 | 229°3 | 4185-3 | 29-06 
+ | 2018] 8242:1 + | 28071 | 4214-1 | 29°26 
4 | 2026 | 8267-4 4 | 220°9 | 4242°9 | 26-46 
| 203-4 | $292°8 8} 281°6 | 4271°8 | 29°66 

65 | 2042 | 38183 74] 2824 | 4800°8 | 29°86 
+ {| 2049 | 3843°8 + | 283:2 | 4329-9 | 30-06 
4 | 205°7 | 8369°5 4 | 284-0 | 4859°1 | 30-26 
2! 2065 | 8895°3 21 2348 | 4888-4 | 30°47 

66 | 2073 | 8421-2 75 | 285°6 | 4417°8 | 30°67 
} {| 2081 | 3447-1 ${ 236-4 | 4447-3 | 30°88 
+ {| 208°9 | 3473-2 4 | 237-1 | 4476-9 | 31-09 
B | 209-7 | 3499°3 2( 237-9 | 4606-6 | 31:30 

67 | 210-4 | 8525-6 76 | 288°7 | 4636-4 | 31-50 
} | 211°2 | 35520 + | 239°5 | 4666°3 | 31°71 
4 | 2120 | 3578-4 4 | 2403 | 4596-3 | 31-91 
$ |} 212° | 3605°0 % | 241:1 | 4626-4 | 32°12 

68 | 213°6 | 8631-6 17 | 241°9 | 4656-6 } 82°38 
+ | 214:4 | 3658-4 + | 2426 | 46869 | 82°54 
4 | 215°1 | 3685-2 4 | 243-4 | 4717-2 | 32°75 
2] 9159] 3712-2 8} 2442 | 47477 | 82°96 
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Diam.| Circoum. , 
square in. | square feet. 


in. iaches. 


Diam.| Cireym. | Area ip Area in 
in. inches. | square in. | square fet. 
ng | 24501 47783 | 33°18 | 87 | 273°3 | 59446! 41-28 
3 | 245°8 | 4809°0 | 83°39 3] 2741 | 59789 41:52 
3 | 2466 | 48398 | 3360 |. 4] 2748 | 6018-2 | 41°75 
BR] 247-4 | 48707 | 83°81 & | 2756 | 6047°6 | 41:99 
ng | 2481 | 4901] 3403 | 88 | 2764 | 60821 ' 42°28 
+ { 248°9 4932°% | 34°24 i | 277-2 | 61167 | 42°47 
4 | 249°7 |} 4963°9 34°46 + | 2780 | 6151-4 | 49°71 
30 | 251:°3 | 50265 | 34:90 || 89 | 2796 | 6221°1 | 43-20 
3 | 252-1 | 5058-0 | 85°12 3 | 280°3 | 6256-1 | 43-44 
3 | 252°8 | 5089°5 | 85°34 3 | 281-1 | 6291-2! 43°68 
a | 2536 | 5121-2 | 85°56 || £{ 281-9 0826-4 48°98 
gi | 2544 | 51530 | 35°78 || 90 | 2827 | 6361-7 | 4417 
+ | 255-2 | 51848 | 386-00 t | 2835 | 6897-1 | 44-42 
+ | 2560 | 52168 | 386-22 } | 2843 | 6432°6 | 44:66 
3 | 2568 | 5248°8 | 8644 x | 285-1 | 6468-2 | 44°81 
ga | 957-6 | 52810 | 86°67 || 91 | 285°8 | 65038 | 45°16 
3 | 2583 | 6813-2 | 86-90 1 | 286-6 | 65396 | 4541 
4 | 2591 | 6845°6 | 87-12 4 | 287-4 | 6575°5 | 45°66 
8 | 2599 | 58780 | 87:34 g | 288-2 | 6611°5; 45°91 
83 | 960-7 | 54106 | 87°57 || 92 | 289°0 | 6647°6 : 4616 
| 2615 | 5448-2) 87°79 i | 289-8 | 66838 | 46-41 
4 | 2623 , 51760 | 38-02 4 | 2905 | 67200 | 46-66 
8 | 263-1 | 55088 | 88°25 4 | 291-3 | 67564 | 46°91 
g4 | 263-8 | 5541-7 | 8848 || 93 | 292-1 rons | 47-17 
3 | 2646 | 55748 | 88-71 2: 292-9 | 6829-4 | 47-48 
$ | 2654 | 5607°9 | 88-94 4 | 298-7 | 686671 | 47°68 
a | 266-2 | 5641-2 | 89°07 | % | 2945 | 69029 47-98 
85 | 267-0 | 56745 | 3940 || 94] 295°3 | 6939-7 | 48°19 
3 | 267° | 57079 | 89°68 | Z| 296°0 6976-7 | 48°45 
-4! 968%) 5741-4 | 39°87 || 4 | 2968 | 70188 48°70 
5 |. 269°3 | 57750 | 40-10 8 | 297-6 | 7050°9 | 48°96 
g6 | 2701 | 5808-8 | 40°33 |] 95 | 208-4 | 7088-2 | 49°22 
2 | 2709 | 5842°6 | 40°57 Z| 299-2 | 7125°5 | 49°48 
2717 | 58765 | 40°80 + | 8000] 71680 | 49°64 
: i ‘295 | 5910°5 | 41°04 8 | 300°8 | 7200°5 | 50-00 


Areain {||Diam.} Circum. 
in. inches. | square in. | square feet.|| in. inches. 
aoa ——|— 
96 | 801°5 | 72882 | 50°26 {1121} 38071 
+| 3023 | 72759! 50°52 |} 122] 383-2. 
4 |} 303-1 | 7313-8 | 50°78 {' 128] 3886-4 
8 | 303-9 | 7851°7 | 51:05 || 124] 389-5 
125| 3927 
97 | 304-7 | 7889°8 5185 
21 3055 | 7427-9 | 51:5 
$| 3063 | 74662 | 51:84 || 12>) S0e8 
2| 3070 | 75045 | 5211 13581 dooa 
98 | 2078 | 7542-9 | 52°88 || 138 ea 
| 3086 | 7581-5 | 52-65 
+ | 3094 | 762071 | 59-91 
& | 3102 | 76588 | 5818 {/181| 411°5 
132| 414°6 
99 | 311-0 | 7897-7 | 58-45 |l188| 417°8 
3 | 3118 | 77366 | 58-72 ||184| 420-9 
4 | 3125 | 77756 | 58°99 |/135] 4z4-1 
a| 3133 | 7814-7 | 64:26 
100 | 8141 | 78540 | 54°54 |] 15g] gon 
101 | 8173 | so117 | 55-63 |) 187] 4308 
102 | 820-4 | 80912 | 5674 [1150] ase 
108 | 823°5 | 83328 | 57°86 || 5751 daog 
104 | 326-7 | 8494-9 | 58-99 
105 | 829°8 | 86590 | 60°13 
141| 442:9 
106 | 333-0 | 9824-7 | 61-28 |/142| 446-1 
107 | 3361 | 89020 | 6244 || 148] 4499 
108 | 389-2 | 91609 | 638-61 |1144| 452°3 
109 | 342-4 | 9331-1 | 64:80 {1145| 455°5 
110 , 345°5 | 95033 | 65-99 
111, 3187 | 9676-0 | 67-20 || 148 res 
112 | 8518 | 9852-0 | 68°41 |/ 148] Gog. 
118 ; 255°0 |10028-7 | 6964 1145] fon o 
114 | 858'1 |10207-0 | 70°88 || 159] aria 
115 | 361-2 , 103869 | 72:18 
116 | 364-4 | 105683 | 73:39 |/ 151] 474-3 
117; 867-5 |10751°3 | 74°66 || 152] 477-5 
118 , 370-7 |10935-°9 | 75°94 ||153| 480°6 
119 ; 873-8 | 111220 | 77-23 || 154] 488-8 
al 876-6 1113097 | 7854 ||155| 486-9 


MENSURATION OF OIRCLES. 


{ 


Diam Circum. | Areain 


Area in 


Area in 


square in. | square feet. 


mere 


11499°0 
11689°9 
11882°3 
12076°3 
12271°8 


12469°0 
126677 
12867°9 
18069 8 
18273°2 


184782 
13684°8 
13892°9 
14102°6 
14313°9 


14526°7 
14741°1 
14957°1 
161747 
16393°8 


15614°5 
16836'8 
16060°6 
16286°0 
16513 0 


167415 
16971°7 
17203°4 
174866 
176715 


17907 °9 
18145°9 
18385°4 
18626°5 
18869°2 


79°85 
81°18 
82°51 
83°86 
85°22 


86°59 
87°97 
89°36 
90°76 
92°17 


92°59 
95 08 
96°47 
97-98 
99°40 


100°88 
102°36 
103°87 
10537 
106°90 


108°43 
109-97 
111°58 
113-09 
114°67 


116°26 
117°86 
119°46 
121-08 
122°71 


124°36 
12601 
127-67 
129°35 
181°08 


CIRCUMFERENCES AND AREAS OF CIRCLES. 167 


el 


TABLE 


Of the Circumferences and Areas of Circles, from 1 to 50 feet, 
advancing by an inch. 


Circumference | Diam. {Circumference 


Diem. 
ft. & wm. |} in feet and tn. 


Area in feet. ft. & in. | in feet and in. Area in feet. 

1 fe. 3 14 7854 3 18 4} 14°1862 
1 3 44 9217 4 18 7} 14:°7479 

2 8 8 1:0690 5 13 104 15°3206 

3 8 11 1°2271 6 14 1g 15:9048 

4 4 24 1:3962 7 14 44 16°4986 

5 4 65f 1°5761 8 14 ves 17°1041 

6 4 8 1:7671 9 14 11 17-7205 

7 4 11 1 9689 10 15 24 18°3476 

8 & 28 2°1816 11 15 5} 18°9858 

9 5 54 2°4052 5 ft. 15 8} 19°6350 
10 6 9 2°6398 1 15 114 20°2947 
Il 6 24 2 8852 2 16 28 20°9656 
af. | 6 38 81416 8] 16 5 216475 
1 6 64 8°4087 4 16 9 22°8400 

2 6 OF 8°6869 5 17 0} 23 04387 

3 7 Of 8-9760 6 17 8+ 23.7588 

4 7 8% 42760 7 17 64 24°42835 

5 7 4 4‘5869 8} 17 OF 25°2199 

6 7 10} 4:9087 9 18 Of 25 9672 

q 8 1 52413 10 18 84% 26°7261 

8 8 44 5°5850 lI 18 4%} 27°4948 

9 8 Th 5°9395 6 fi. 18 10} 28°2744 
10 8 10% 6 3049 : 1 19 14 29°0649 
11 9 1g 66813 2 19 4% 29°8668 
3 fz. 9 6 70686 3 19 7% 80°67 96 
I 9 $8} 7°4666 4 19 104 31°5029 

2 9 11¢ 78757 5 20 14 82°3376 

3 10 24 8 2957 6 20 4 831831 

4] 10 5 8°7265 7 | 20 8} 34:0391 

5 10 8§ 9:1683 8 20 114 84°9065 

6 10 114 9°6211 9 21 28 85°7847 

q 11 8 -10°0846 10 21 54 86°6735 

8 11 64 10°5591 11 21 8% 875786 

9 11 9 11°0446 1 ft. 21 114 38°4846 
10 12 54 11°5409 1 22 8 89 4060 
11 12 8% 12°0481 2 22 61 40°38388 
4 ft. 12 6% 12°5664 8 | 22 94 41°2825 
] 12 9 13-0952 4 23 OF 42°2367 

2 13 1 18°6853 5 23 2k 43°2022 


$ 


188 CIRCUMFERENCES AND AREAS OF CIRCLES. 


Diam. |Circumference Diam. |Circumference 
ft. & in. | infeetandin.} Area in feet. | ft. & im. | in feet and in.{ Area in a in feet: 


eS 
| 
6} 23° 68 |. 44-1787 3| 45 44 | 99-4021 
7 | 28 11 45°1656 4| 35 7t | 100-8797 
8| 24 14 | 46-1688 5 | 85 1u8 | 102-3689 
9| 24 4 47°1730 6| 36 1% | 13-8691 
10| 24 7 48°1926 7 | 36 44 | 105-3794 
11 | 24 108 | 49-2286 s| sé 72 | 106-9018 | 
8 ft. | 25 14 | 50-2656 9 |. 36 10f-| 108-4842 


1| 25 4§ 513178 10 | 87 28 109-9772 
2) 2 7% 52°3816 j1 | 87 64 1115319 
8| 2511 | 658°4562 12 ft. | 87 8% 113-0976 
4] 26 22 54°5412 1] 87 113 114°6732 
5 | 26 52 55°6877 21 38 2% (116°2607 
6] 26 8% 56°7451 8/ 88 52 1178590 
"| 26 114 578628 4] 38 &% 119°4674 
8 | 27 28 58 9920 5 | 39 0 1210876 
9| 27 5% 60°1321 6] 39 38} 122 7187 
10] 27 9 61-2826 71 89 6f 1243598 
11 | 28 Of 62°4445 8 | 89 94 126 0127 
9 ft. | 28 38} 63-6174 9| 40 O§ 127-6765 
28 68 64-8006 10} 40 #8 129-3504 

2] 28 94 65-9951 11] 40 6% 181°0360 
3 | 29 Of 67-2007 18 ft. | 40 10 132-7826 
4] 29 38 68-4166 1) 41 14 134°4391 
5| 29 7 69-6440 2) 41 48 136-1574 
6 | 29 103 70°8828 3 | 41 74-]. 1878867 
7 | 80 1} 72-1309 4 | 41 10§ 139°6260 
8 | 30 48 73°3910 5{| 42 1% 141°3771 
9] 80 "% 74-6620 6] 42 4¢ 143°13891 
10 | 80 114 75-9433 "| 42 8 1449111 
11] 81 14 77-2362 8] 42 114 146-6949 
10 ft. | 381 5 78-5400 9| 43 24 148-4896 
1) 81 8% 79-8540 10] 43 5} 150-2948 
2| 81 114 81°1795 11 | 43 8% 15271109 
3| 82 2g 825160 {14 ft. | 43 118 153-9384 
4| 82 65} 83°8627 1| 44 2% 155-7758 
5 | 82 gf 85°2211 2) 44 6 157°6250 
6 | 82 11% 86°59038 8| 44 94 159-4852 
"| 88 2% 87-9697 4 | 45 0} 161°8553 
8 | 83 64 89-3608 5 | 45 8% 163°2378 
9| 83 94 90-7627 6] 45 68 165°1303 
10 | 34 Of 92°1749 "| 45 OF 1670331 
11 | 84 3} 93 5986 8 | 48 Of 168°9479 
11 ft. | 84 68 95-0334 9| 46 4 170-8735 
1| 34 98 96-4783 10 | 46 7 172°8091 
2] 85 of 97 9347 11 | 46 11} 174°7565 


CHRCUMVERENCES AND AREAS OF CIRCLES. 16¢ 


a 


Diam. |Circumference Diam. Circumference : 
ft. dc in. | in feet and in. Area in feet. ft. & in. | in feet and in. Area in feet. 


EE ee oe 


a 


Inf. | 47 14 176-7150 9} 88 103 2761171 
1] 47 4§ 178 °€832 10} 69 2 278:3761 
2/47 78 180°6634 11] 569 5 | 281-0472 
8 | 47 104 1826545 |/19 72 | 59 8} 2835294 
4| 48 2 184-6555 1] 69 114 2860210 
5} 48 54 186-6684 2/ 60 2¢ | 2885249 
6| 48 8 1886928 3 | 60 5§ 291-0897 
7| 48118 190°7260 4{ 60 8$ 293-5641 
8| 49 26 192-7716 5 | 60 11% 296:1107 
9/ 49 58 | . 194-8282 6| 61 3 2986483 
10| 49 8% 196°8946 7 | 61 62 3012054 
11} 50 0 198-9730 8 | 61 94 8038:7747 

16 ft. | 50 3% 2010624 9] 61 of 306°3550 
1] 50 6} | 208-1615 10| 62 38 308-9448 
2/1 50 9§ 20527268 11{ 62 68 311°5469 
8] 51 04 207:3946 |/20 74. | 62 9% 314-1600 
4| 51 32 | 209-5264 1] 63 14 816°7824 
5| 51 64 211°6708 2/ 63 4} 319-4173 
6} 51 10 2138251 3/ 63 78 322-0630 
"| 52 1b 215-9896 4] 63 114 3247182 
8} 52 44 2181662 5| 64 18 8273858 
9| 52 7 220-3537 6| 64 43 830'0648 
10} 52 104 2225610 "| 64 %% 832-7522 
11] 53 18 2247608 8 | 64 11 3354525 

17 ft. | 83 4% 226-9806 9| 65 2 838-1687 
1} 58 8°»|. 999-2105 | 10] 65 58 | .840°8844 
2} 58 114 231°4525 11 | 65 84 848-6174 
8) 54 » 233-7055 |/21 ft. | 65 114 316-3614 
4} 54 58 235-9682 1| 66 28 849°1147 
5| 54 8} 238°2430 2) 66 5 851-8804 
6{ 6411 | 2405287 8 | 66 9 8546571 
"| 55 2 2428241 4| 66 Of 857-4432 
8} 55 6 245°1316 5| 67 388 360-2417 
9| 55 9 247-4500 6| 67 63 868-0511 
10 | 56 249-7781 1 | 67 98 365°8698 
11] 56 34 | 2529-1184 8 | 68 O08 868-7011 

18 ft. | 56 64 | 254-4696 9| 68 38% 871-5432 
1| 56 98% | 256°8808 10 | 68 7 374:3947 
2) 67 Of 259-2038 11 | 68 103 877-2587 
8| 57 4 261°6872 |/22 7. | 69 1 380°1336 
4] 57 7 268°9807 1] 69 4 888-0177 
5 | 57 10} | 266-8864 2| 69 7§ 885°9144 
6| 58 1 2688081 3 { 69 108 888°8220 
"| 58 44 271-9298 4] 70 14 891 7389 
8| 568 7% 278 6678 5| 70 6 8946683 


bond 
a 


0 


Diam. |Circumference 
in feet and in. 


ft. & in. 


mt OC O O ATO. Or fm C9 9 


ae] 


25 ft. 


pan 
SO 6 HATS Or > CO BO eH 


= 
toad 


26 ft. 


CincUMFERENCES AND AREAS or Orrcies. 


Area in feet. 


83976087 
400°5583 
403°5204 
406°4985 
409°4759 
412°4707 
415°4766 
418°4915 
421°56192 
424°5877 
427°6055 
430°6658 
433°7871 
436°8175 
439°91N6 
443-0146 
4461278 
44925386 
452 3904 
445°5862 
458°6948 
461°8642 
465-0428 
4682841 
471°4868 
474°6476 
477-8716 
481-1065 
484-3506 
487°6073 
490°87 50 
494-1516 
497-4411 
§00°7415 
504-0510 
507 ‘37382 


510 7063 ° 


514-0484 
517°4034 
520-7692 
524°1441 
527°5318 
530-9304 
534°3379 
537-7688 


Diam. |Circumference 
ft. & in. | in feet and its. 


amtoeesss J eases 


27 ft 


eee 


mall ama 
mS OATH HR COD eS 


82 
82 
82 
83 
83 
88 
84 
64 
84 
84 
85 
85 
85 
85 
86 


Area in feet. 


§41°1896 
544°6299 
548 0880 
§41°5471 
655°0201 
§58 5059 
662:0027 
565°5084 
569-0270 
672°5566 
576:0849 
579°6463 
583°2085 
586°7796 
§90°3637 
593-9587 
597 5625 
601°1798 
604 8070 
608-4436 
612-0031 
615 7536 
619 4228 
623-1050 
626-7982 
630 5002 
634-2152 
637°9411 
641°6758 
645°4235 
649-1821 
652°9495 
656-7300 
660°5214 
664 8214 
668-1346 
671-9687 
675-7915 
679-6375 
683-4948 
687-3598 
691-2385 
695°1280 
699-0263 
102°9877 


we Ay 


a 


CIRCUMFERENCES AND AREAS OF CIRCLES. 17 


ra & in. rieet aaa Area in feet. ft. ie in feet “pam [crewmen] ase | sabes (Stmaee| aren in at. Area in fet, 
80 fz. 94 24 706'8600 9{ 106 Of 894°6196 
1 94 6 710°7909 10 | 106 3% 899-0418 
94 8} 4147350 11 | 106 64 903°4763 
$5 9% 718°6900 84 ft 106 of 907 °9224 
95 384 422°65387 107: Of 912°3767 
95 6% 726°6805 107 4 916°8445 | 
95 93 7380°6183 107 «74 921°3232 
96 O04 7346147 107 103 925°8308 
96 4 738 °6242 108 1 930°3108 
96 74 442°6447 108 4§ 934°8228 
93 108 746°6738 108 TE 939°3421 
7507161 108 10f 943°8758 
754°7694 109 2 948°4195 
758°8311 109 63 952°9720 
762:9063 109 8} 9575380 
766°9921 109 11 962°1150 
771:0866 10) 28 966:7001 


110 54 971 2989 
110 8: 975-9085 
111 0 9805264 
Ll 383 985°1579 
111 6} 989-8008 
lll of 994:4509 


98 8h | 775°1944 
98 114 | 779°3181 
99 26 | 783°4408 
99 58-| 787°5808 
99 8% | 791-7822 
100 0 195-8922 


[Se] 
Ld | 
a" So 
=O Oo WaATOanrh COW RH TH SO OH =T Od On 09 DD I 


11 | 100 38% 800-0854 112 04 999°1151 
83 7. | 100 68 804-2496 112 3% | 1008-7902 
1| 100 93 808°4422 112 6% | 1008-4736 
291101 O§ | 812-6481 112 10 1018 1705 
8 | 101 3% 816-8650 |/36f¢ | 113 13 | 1017-8784 
4| 101 6% 821-0904 1] 118 4} | 1022-5944 
5 } lol 10 825:3291 2| 118 7% | 1027-3240 
6} 102 1 829°5787 3 | 118 108 | 1032-0646 
4 | 102 48 | 833-8368 4 {114 1% | 1036-8134 
8 | 102 74 838°1082 5 | 114 4% | 1041°5758 
9 | 102 10% 842-3905 6| 114 8 1046-3491 
10 | 103 1% | 846-6813 "| 114 112 | 10511306 
11 | 103 4% §50°9855 gi 115 2 10559257 
33 ft. | 103 8 855°3006 9/115 58 | 1060°7317 
1 | 103 113 8596240 10 | 115 9$ | 1065-5459 
2/104 24 8639609 11 | 115 11¢ | 1070-3788 
3 | 104 58 868°3087 |/387 f2 | 116 2% | 1075-2126 
4| 104 8§ 87 2°6649 1/116 6 1080-0594 
6 | 104 114 8770846 2/116 92 | 1084-9201 
6 | 105 2% 881°4151 g | 117 of | 1089-7915 
"1105 6 8858040 4{117 384 | 1094-6711 
8 | 105 9} 890°2064 5.| 117 6} | 1099-3644 


(~~) 
-_ 
a] p—* fast 
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172 CIRCUMFERENCES AND AREAS or CiRcrES, 


—eee 


Diam. {Circumference . Diam. |Circumference . 
ft din. | in feet and in. Area in feet. ft. & in: | in jeet and in. Area in feet. 


129 7 1336°4071 
118 Of 1109-3810 129 10% 1341°8101 


4 3 
7 4 
8 | 118 4 11143071 " § | 180 1% 1347-2271 
9/118 7 1119-2440 6/130 44 1352°6551 
10 7 

8 


117 98 | 1104-4687 


118 10f | 11241891 |; 130 7% | 18580908 


11 {119 1% 1129-1478 130 10% 1863°5406 


gg ft. | 119 44 | 11341176 || 9] 131 1¢ | 1869-0012 
1/119 7§ | 1139-0958 10 | 131-5 | 1874-4697 
2/119 10% | 1144-0868 11 {131 8 | 1379-9521 
3/120 2 | 1149-0892 |42 fe | 181 118 | 1885-4456 
4|120 5 | 11540997 | ~14 182 2% | 1890-2467 
5 | 120 sg | 1159-1239 || - 2| 132 5§ | 1896-4619 
6 | 120 11g | 1164-1591 3 | 132 8& | 1401-9886 
4 | 121 24 | 1169-2028 4 {182 11¢ | 1407-5219 
g | 121 5§ | 1174-2592 5|138 8 | 1418-0898 
9 | 121 8% | 11793271 6 | 138 6 | 1418-6287 
10 | 121 11g | 1184-4080 1 {| 188 of | 1424-1952 
11 | 122 3 | 1189-4927 8} 134 of | 1429-7759 

39 ft. | 122 6¢ | 11945934 9 | 184 3% | 1485-3675 

122 94 | 1199°7195 10 | 184 6% | 1440-9668 
2] 123 of | 12048244 11 | 184 9% | 1446-5802 
31128 3§ | 1209-9577 |43 7. | 185 1 | 1452-2046 
4| 123 6f | 12150990 || “1/185 4% | 1457-8865 
5 | 123 9% | 12202542 21185 74 | 1463-4827 
6 | 194 1 | 1226-4203 || ° 31185 10, | 1469-1807 - 

| 124 4g | 12805043 || - 4 | 186 1g | 14748044 
g | 124 "t 1285-7822 5 | 186 4 | 1480-4838 
9 | 1241 1240-9810 6| 136 7% | 14861781 
10 | 125 1g | 1246-1878 7 | 18611 | 1491-8705 
11 | 125 4% | 1251-4084 g | 137 2% | 1497-5821 

40 ft. | 125 7% | 12566400 | 9] 187 53 | 1503-3046 

"1/195 11 | 1261-8794 10 | 137 8g | 1509-0838 

a | 126 2g | 1267-1327 11] 137 11g | 1514-7791 

| 126 58 | 1272-8970 |44 ft. | 188 28 | 1520°5844 

4] 126 By | ie7rseg2 | “1 | 188 Bg | 15262971 
5 | 126 11g | 1282-9558 211388 9 | 1532-0742 
6 | 127 2% | 1288-2598 8} 139 of | 1587-8622 
7 | 197 5g | 1298-5072 4/189 8, | 1543-6578 
8|127 9 | 12988760 5 | 139 68 | 1549-4776 
9} 128 Of | 1804-2087 6 | 139 9§ | 1555-2888 
10 | 128 3§ | 18095438 || 71|140 og | 1561-1165 
11 | 128 64 | 1814-8949 g {140 3% | 1566-9591 

41 ft. | 128 9% | 1820-2574 9/140 74 | 1572-8125 
1| 129 of | 1825-6276 10 | 140 10° | “1578-6785 
2/129 sf'| 1881-0119 11] 141 12 | 1584-5488 


CIRCUMFERENCES A¥D AREAS OF CIBCLES. 133 


Diam. ' Cireumferenes ; iam. {Circumference 
ft & in. | in feetandin.| Area in feet. & in. | in feet and in. Area in feet. 


45 ft. | 141 48 | 1590-4850 | "1149 8g | 1778-2795 
1/141 74 | 15963286 8/149 8% | 1784-5148 
2 | 141 108 | 1602-2866 9/120 Of | 1790-7610 
3 | 142 12 | 16081555 10 | 150 82 | 17970145 
4 | 142 6 16140819 11 | 150 68 | 1803-2896 
5 | 142 8t | 1620-0226 | 48/4. | 150 94 | 1809-5616 
6 | 142 113 | 1625-9748 151 Of | 1815:8477 
4 | 148 28 | 1681-9334 151 8% | 18291485 
8 | 148 54 | 1637-9068 151 6% | 1828-4602 
9/148 82 | 1643-8912 151 10k | 18847791 


152 1} | 1841-1127 
152 48 | 1847-4571 
152 74 | 1853-8087 
152 108 | 1860-1750 
153 12 | 18665521 


1 
8 
4 
10 | 143 114 | 1649-883) 5 
11 | 144 8 1655°8892 6 
46 ft. | 144 6% | 1661-9064 5 
144 93 | 1667-9308 8 
145 O€ | 1678:9698 9 
145 84 | 1680-0196 10 | 1538 4% | 1872-9865 
145 6% | 1686-0769 11/153 8 | 1879°3855 
145 9% | 1692-1485 [149 ft | 153 112 | 1885-7454 
146 14 | 1698-2811 1/154 28 | 18991794 
146 44 | 1704°3210 2) 154 54 | 1898-5041 
146 73 | 1710-4254 3/154 S$ | 19050367 
146 108 | 1716-5407 4] 164 11% | 1911-4965 
147 14 | 1722-6684 51155 2% | 1917-9609 
147. 48 | 1728-8005 6 | 155 6 1924°4263 
ai ft. | 147 72 | 1784-9486 "1155 92 | 1980-9188 
8 
9 


— mt 
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148 114 | 1765-8452 


50 ft. | 157 Of | 1963-5000 
149 2h | 1772-0587 


To Preserve Sreet Goops.—Caoutchouc 1 part; turpentine 16 
parts. Dissolve with a gentle heat, then add boiled oil 8 parts. 
Mix by bringing them to the heat of boiling water; apply it to the 
' steel with a brush, in the way of varnish. It may be removed with 
‘turperitine. The oil may be wholly omitted. 


| Sizz.— Oil size is made by grinding yellow ochre or burnt red 
‘ochre with boiled linseed oil, and thinning it with oil of turpentine. 


| Water size (for burnished gilding) is parchment size ground with 
| yellow ochre. 


Sirtca AND CaRpon.—Gilica is the base of the mineral world. 
' Carbon the base of the organized. | 


1 | 147 11 1741-1089 156 Of | 1937°3159 
2| 148 24 | 1747-2738 156 84 | 1943-9140 
$| 148 54 | 1753-4545 10 | 156 6% | 1950-4892 
4| 148 88 | 1759-6426 11/156 98 | 1956-9691 
5 
6 
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IVORY. 


How to Soften it.—Take 8 oz. spirits of nitre, and 15 of spring 
water; mix together; drop in the Ivory, and let it soak. In three 
or four days it will be so soft as to obey your fingers. 

How to Dye Ivory when Softened.—lf you desire to dye Ivory 
when.thus softened, dissolve, in spirits of wine, such colors as you 
wish to use. When the spirit of wine is sufficiently tinged: with 
'the color you have put in plunge in your Ivory; and leave it there 
till it is dyed to suit you. Then take out the Ivory and give it 
what form you please. 

How to Harden Ivory.—To harden the Ivory afterwards, wrap it 
up in a sheet of white paper, cover it with dry, decrepitated salt, 
and lay it by for twenty-four hours, when it will be restored to its 
original hardness. 

To re- Whiten Ivory which has Turned a Brown Yellow.—There are 
two ways of doing this, namely: 1. Slack some lime in water, into 
which drop the ivory; decant it gently, and boil till it looks quite 
white. 2. To polish it afterwards, sét it in the turner’s wheel; and 
after having worked it, take some rushes and pumice stone, mix a 
subtile powder with water, and rub till it becomes perfectly smooth : 
then heat it by turning it over a piece of linen or sheepskin, and 
when hot rub it with a little whitening diluted with olive oil; then 
rub it with a little dry whitening alone, and finally with a piece 
of soft white rag, and’ the Ivory will look remarkably white. * 

How to Dye Ivory Black.—Immerse the Ivory in a boiling solution 
of logwood, then take it out, and wash it in a solution of copperas. 

Blue.—There are two ways of reaching this color. The first is 
to soak the Ivory in a solution of verdigris in nitric acid, which 
will make it green; then dip it into a solution of boiling hot 
pearlash, and it will turn blue The second way is as follows: 
Immerse the Ivory in a solution of sulphate of indigo and water, 
partly neutralized with potash. 

Green.—Stecp blued Ivory in a solution of nitro-muriate of tin, 
and then in a decoction of fustic.. Another and a more instanta- 
neous plan is to immerse it in a solution of acetate of copper. 

Yellow.—Steep the Ivory in a bath of neutral chromate of potash, 
and afterwards in a boiling solution of acetate of lead. 

Red.—Soak the Ivory-for a short time in a solution of tin, and 
then in a decoction of cochineal. 

Violet.—Moisten the Ivory with a solution of ‘tin, as before; then 
immerse it in a decoction of logwood. , 

Purple.—Soak the Ivory in a solution of sal ammoniac into four 
times its weight of nitrous acid. 

Fluid for Marking Ivory.—Take nitrate of silver, 2 parts: nitric 
acid, 1 part; water, 7 parts. Mix. 

Etching Fluid for Fvory.Take ‘of «diluted sulphuric ‘acid .and 
diluted muriatic acid, equal parts Mim... 2. 1... 
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Etching Varnish for Ivory.—W hite wax, 2 parts , tears of mastic, 
2 parts, Mix . 

To Gild Ivory.—Immerse it in a solution of nitro-muriate of gold, 
and then, while yet damp, expose it to hydrogen gas. Wash it 
afterwards in clean water. Another plan of gilding Ivory is by 
immersing it in a fresh solution of proto-sulphate of iron, and 
afterwards in & solution of ehloride of gold. 

To Polish leory.—Use a rubber and putty and water. 

The hardest, toughest, whitest, and most ‘translucent ivory has 
the preference in the market; and the tusks of the sea horse are 
considered to afford the best. Ivory has the same constituents as 
the teeth of animals: three-fourths being phosphate, with a little 
carbonate of lime; one-fourth cartilage. With regard to dyeing 
Ivory, it may in general be observed, that the colors penetrate 
better before the surface is polished than afterwards. Should any 
dark spots appear, they may be cleared up by rubbing them with 
chalk; after which the irony should be dyed once more to produce 
a perfect uniformity of shade. On taking it out of the boiling hot 
dye bath, it should be plunged immediately into cold water, to 
prevent the chance of fissures being caused by the heat. 


_————too—__— 
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CENTRE, 


In a general sense, denotes a pon equally remote from the 
extremes of a line, surface, or soli 


| Centre of Attraction 
_ Of a body, is that point into which if all its matter is collected, 
its action upon any remote particle would still be the same. 


Centre of Hquilibriwn 
Is the same, in respect to bodies immersed in a fluid, as the cen- 
tre of. gravity is to bodies in free space. 


- Centre of Friction 
Is that point in the base of a body on which it revolves, into 
which if the whole surface of the base and the mass of the body 
were collected, and made to revolve: about the centre of the base 
of the given body, the angular velocity destro by its friction 
would be equal to the camulai velocity decoy in the given body 
by its friction in the same time. 
Centre of Gravity 
Of any body, or system of bodies, is that point upon which the 
body, or system of bodies, acted upon only by the force of gravity, 
will balance itself in all positions; hence it follows, that, if a line 
it pti passing through the centre of gravity, be supported, the 
| body or system will be also supported. 
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| Centre of Gyration 

Is that point into which, 1f the whole mass were collected, a given 
force, applied at a given distance, would produce the sanie angular 
velocity in the same time as if the bydies were disposed at their 
| respective distances. 

This point differs from the Centre of Oscillation only in this, 
7 that, in the latter case, the motion is produced by the gravity of 
1 the body; but, in the former, the body is put in motion by some 
| other force, acting at one place only. 


COHESION 


Is that species of attraction which, uniting particle to particle, | 
retains together the component parts of the same mass; being thus: 
distinguished from Adhesion. or that species of attraction which 
takes place between the surfaces of similar or dissimilar bodies. 
The absolute cohesion of solids is measured by the force necessary 
to pull them asunder. Thus, if a rod of iron be suspended in aj 
‘vertical position, having weight attached to its lower extremity 
‘till the rod breaks, the whole weight attached to the rod, at the 
‘time of fracture, will be the measure of its cohesive force, or abso-; 
-lute cohesion. | 

The particles of solid bodies, in their natural state, are arranged | 
in such a manner, that they are in equilibrium in respect to the! 
forces which operate on them; therefore, when any new force is: 
applied, it is evident that the equilibrium will be destroyed, and; 
that the particles will move among themselves till it be restored. | 
When the new force is applied to pull the body asunder, the body, 
becomes longer in the direction of the force, which is called the! 
extension ; and its area, at right angles to the direction of the force, , 
contracts. When the force is applied to compress the body, it 
becomes shorter in the direction of the force, which is called the: 
compression ; and the area of ite section, at right angles to the| 
force, expands. In either cage, a part of the heat, or any fluid that ' 
occupies the pores or interstices of the body, before the new force) 
was made to act upon it, will be expelled. 

eee 


! 


| 
Piativa-Mour.—Zine two parts; platinum one part. Melt and: 
reduce the alloy to powder, which must be treated with dilute, 
sulphuric acid until all the zinc is washed out; then wash it with. 
water, digest it in a ley of potash, and again wash it with water) 
This powder possesses the property of converting alcohol sail 
vinegar, 
| Tite Vetocity or Sounp.—It has been ascertained, by careful 
investigation, that sound passes in water at a speed of 4,708 feet 
per second. 
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“MBOHANIOAL LAWS OF ELASTIC FLUIDS. 


Boyles or Mariotte’s Law. 


The elastic force of a gas or air at a given temperature is 
inversely proportional to the space which it occupies. 


Let p = elastic force of a gas when it occupies the space « 
= Oo. do. 8. 
pats 
Sok 5 


The elastic force of any gas at a given temperature is propor- 
tional to its density. 

The density of any body is the weight of a cubic unit of it, 
usually one cubic foot. 

Let p =the elastic force when the density is d 

And k = _ do. do. unit. ° 

wp=kd 
Dalton’a and Gay-Lussac's Law. 

All gases, under the same pressure, maderge equal expansions 
for equal increments of temperature. 

It was ascertained by these . eminent philosophers, that 100 
measures of air expand to 137:5 measures, on being heated from 
32° to 212° ot Fahrenheit’s thermometer, hence 


87°5 = increments of 100 measures for ‘180 degrees of heat. 
375 


Too do. : ] | ie do. 
‘875 
ae do. 1 1 do. 
— 1 — 
~ 40 ~ * 


Let V = volume of any gas at the temperature ¢. 
do. do. ‘ 


1 + a(t’ — 82) 


Then, = 
ood 1 + a(¢ — 82) 


‘V accurately. 


=| 1+ a (t/— ¢) V very nearly. 


Amonton’s Law. 


This law is the relation between the elastic force, the density, 
and the temperature, of any gaa. If, then, the volume of a gas be 
constant, its elastic force will increase ; and, if the elastic force is 
constant, its volume will imerease for every increase..of tempera- 
ture. It is important to connect these quantities by an equation. 
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Put p = elastic force of a gas at the temperature 6° and density a 
Then, p= kd(l + a0) : 
where & is a constant quantity depending on the nature of the gaa, 
and a = z},. 
When a Nght and heavy gas are once mixed, they do not exhibit. 
any tendency to separate; in this respect they differ from mixed 
liquids. 
Dalton’s Experiment. : 
The vessel a contaius a light gas, as hydrogen, and, 
the vessel 6 cuntains a heavy gas, as carbonic acid; the, 
“ — two gases are allowed to cummunicate by a narrow, 
tube ¢, an interchange speedily takes place of a part, 
c of their contents, which their relative position might: 
be supposed would prevent. poe to gravity, the 
§ heavy gas ascends, and the light one descends, till, in a/ 
few hours, the gases become pertectly mixed, and the 
proportion uf the two gases is the same in both veasela 
Gases diffuse into the pangs cade and into each other with 
different degrees of rapidity. The velocity with which air will! 
rush into a vacuum is 1348 feet per second. 
To determine the velocity wi which the air of the atmosphere 
will rush into # space. containing rarer air: 
Let »v = velocity of air, of density (d); rushing into a void. 


V = velocity of air rushing into air of density D. 
D ) 
. Pzovil— — 
V=( 7 


There will always be a current so long as (D) and (d) are 
unequal. ; 
Muminating Gases. 

Pure hydrogen burns with too feeble a flame to be employed for 
the purpose of illumination. Carburetted hydrogen has the pro- 
perty of precipitating its carbon; in the act of burning, its solid, 
particles become incandescent, and diffuse a strong light. The more; 
carbon the gas contains the more brightly does it bara: 

Two measures of hydrogen gas, with one measure of the vapor 
of carbon, form the carburetted hydrogen found is coal mines, and 
is also evolved in ditches, from decomposing vegetable matter.; 
Another kind of carburetted hydrogen, called olefiant gas. is 
formed by two measures of hydrogen and two measures of gaseous 
carbon. This gas burns with a brighter flame than the common; 
earburetted hydrogen. 

The best substances for furnishing a gas rich in lutniniferous 
materials are pit coal, resin, oil, fata of all kinds, tar, wax, &c. 

The volume of gas discharged from the end of a pipe is directly 
proportional to the square of its diameter, and inversely aa the 
square root of its lengt 
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Let » = number of cubic feet of gas discharged per hour through 
a length of pipes / feet and diameter D. 


_. _ 8162 DB 
vp 
This formula is applicable only when tho gas is transmitted 
through the pipes, without being let off in its way by burners. If 
the main send off branches for burners, then, for the same length, 


| the diameter may be reduced; or, for a like diameter, the length 
| may be increase 


Sramms, To Remove.—Stains of iodine are removed by reetified 
| spirit. Jnk stains by oxalic acid or superoxalate of potash. ron 
| moulds by the same; but if obstinate, it has been recommended to 
| moisten them with ik, then remove them in the usual way. 
| Red spots on black cloth, from acids, are removed by spirits of 
; hartshorn, or other solutions of ammonia. 
| Stains of Marking Ink, or Nitrate of Silver, to remove 1. Wet 
‘the stain with fresh solution of chloride of lime, and after ten or 
| fifteen minutes, if the marks have become white, dip the part in 

solution of ammonia or of hyposulphite of soda. In a few minutes 
wash with clean water. 

2. Stretch the stained linen over a basin of hot water, and wet 

the mark with tincture of iodine. ° 


| Browne, ok Bronzine Liquips, ror Gun Barrers.—l. Aqua- 
fortis 4 oz, sweet spirit of nitre 4 oz, spirit of wine 1 oz, sulphate 
of copper 2 oz, water 80 oz, tincture of muriate of iron 1 oz Mix. 
2. Sulphate of copper 1 oz, sweet spirit of nitre 1 oz, water 1 
pint. Mix. In a few days it will be fit for use. 
i 8. Sweet spirit of nitre 3 oz. gum benzoin 1} oz, tincture of 
‘muriate of iron 4 oz, sulphate of copper 2 dr, spirit of wine 4 0z. 
| Mix, and add 2 Ibs. of soft water. 
, «+ Tincture of muriate of iron 4 oz, spirit of nitric ether 3 oz, 
‘sulphate of copper 2 scruples, rain water 4 pint. The above are 
‘applied with a sponge, after cleaning the barrel with lime and 
‘water. When dry, they are polished with a stiff brush, or iron 
| serateh brush. : 


Bronzing Liquips ror Tin Castives.—Wash them over, after 
| being well cleaned and wiped, with a solution of 1 part sulphate of 
iron, and 1 of sulphate of copper, in 20 parts of water ; afterwards 
with a solution of 4 parts verdigris in 11 of distilled vinegar; 

leave for an hour to dry, and then polish with a soft brush and 
coleothar. 


Sotvents ror Gurra Percna—Benzole readily dissolves it: so 
do chloroform and bisulphuret of carbon. 


NY 


180 Squares, Cuses, Square -Roots, anp.Cusx Roors. 


TABLE 


Of Squares, Cubes, Square and Cube Roots of Numbers. 


Number. 


OD TH Cr i CO DD 


Square. 


Cube. 


59319 
64000 
68921 


Square Root. 


1°0 

1°414213 
1°782050 
2°0 

2°236068 
2°449489 
2°645751 
2°828427 
30 

8°162277 


. 3316624 


8°464101 
3°605551 
3°741657 
8°872983 
4°0 

4°123105 
4°242640 
4°358898 


' 4472136 


4°582575 
4°690415 
4°795881 
4°898979 
50 

5:099019 
5-196152 
5°291502 
5°385164 
5477225 
5567764 
6656854 
5°744562 
5830951 
5°916079 
6°0 

6 082762 
6°164414 
6°244998 
67324555 
6°403124 


——y 


eee 


Cube Root. 


10 

1-25992 
1°44225 
1°58740 
170997 
181712 
191293 
2-0 

2-08008 
216443 
322398 
2°28942 
235183 


. 241014 


2°46621 
2°51984 
2°57128 
2°62074 
2°66840 
271441 
275892 


2°802038_ 


2°84386 
2°88449 
2°92401 
2°96249 
3°0 

3°03658 
8:07281 
3°10728 
3°14138 
3°17480 
3°20758 
3°23961 
3°27106 
8°30192 
3°38222 
3°36197 
8°39121 
8°41995 
3°44821 


Number. 
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Number. 


_ Squarss, Cusrs Cusxrs, Square Roors, AND Cube Roots, ° 


Square. 


1764 
1849 
1936 
2025 
2116 
2209 
2304 
2401 
2500 
2601 
2704 
2809 
2916 
3025 
8136 
$249 
3364 
8481 
3600 
3721 
3844 
3969 
4096 
4225 
4356 
4489 
4624 
4761 
4900 
5041 
5184 


5329 . 


56476 
5625 


5776. 
5929 . 


6084 
6241 
6400 
6561 
6724 
6889 
7056 
7225 
7896 


1569. | 


Cube. 


74988 

79507 

85184 

91125 

97336 
103828 
110592 
117649 
125000 
132651 
140608 
148877 
157464 
166375 
175616 
1851938 
195112 
205379 
216000 
226981 
228328 
250047 
262144 
274625 
287496 
800763 
814432 
328509 
843000 
857911 
873248 
389017 
405224 


421876: 


438976 
4565338 
474552 


£. 498039 


5120000- 
531441 
551868 
571787 
592704 
614125 
636056 
658503 


aa 


Square Root, 


6480740 
6°557438 
6°633249 
6°708203 


6782330 | 


6°855654 
6°928208 
7-0 
4 -071067 
7°141428 
7211102 
7280109 
7-348469 
7:416198 
7°483314 
7.549884 
7°615773 
7°681145 
"145966 
7°810249 
7874007 
7°937258 
8-0 
8062257 
8124088 
8°185352 
8°246211 
8°306628 
8°366600 
8°426149 
-8°485281 
8°544008 
18°602325 


8-660254 | 


8 717797 
8774964 
8-831760 
8°888104 


(8°94427.1 -+ 


9°0 

9°055385 
9°110483 
97165151 
9°219544 


9273618. 
9°327379. 


r 


Cuhe Root. 


3°47602 
3°5U539 
3°58084 
3°55689 
3°2.8304 
3°60882 
3°63424 
3°65930 
3°68403 
3°70842 
3°73261 
3°75628 
8°17976 
8 80295 
3°82586 
3°84850 
387087 
3°89299 
391486 
3°93649 
8°95789 
3-97 905 
40 

402072 
4°04124 
4 06154 
408165 
410156 
4 12128 
4°14081 


. 416016 


4°17933 
4°19833 
14°21716 


4°23582 


4°25432 
4:27265 
4°29084 
430886 


l4-Bobya- 


434448 
4°36207 
4°3795} 


— 439682 


4°41400 


. 443104 


181 


Number. 


42. 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
68 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
| VG + 
77 
78 
79 
80 
; Ses 
82 
83 
84 
85 
86 
87 


16 


182 Squarzs, Copes, Square Roots, anp Cuse Roors. - 


Cube Root. |Number. | 


Number. | Square. Cube. Square Root. 
88 "744 681472 9°380831 444796 88 
89 7921 704969 9433981 4°46474 89 
90 8100 729000 9486838 4°48140 90 
91 8281 933571 ' 9389892 4:49794 91 
92 8464 778688 * 95918668 4°51486 92 
93 8649 804357 9°648850 4:58065 98 
94 8886 830584 ' 9-695859 4:54683 94 
95 9025 8573875 9746704 4'566290 95 
96 9216 884736 9°797989 4°87885 96 
97 9409 912673 | — 9:848857 459470 | 97 
98 9604 941192 9°899494. 461048 | 98 
99 9801 |: 970299 - 9°949874 4:62606 ‘| 99 
100 10000 | - 1000000 10-0 464168 | 100 
101 10201 | 1030801 10049875 465700 | 101 
102 10404 1061208 10 099504 4°67282 | 102 
103 10609 1092727 10°148891 4°68754 | 108 
104 -| 10816 1124864 10198089 | 4-70266 | 104 
105 11025 1157625 © 10246950 4°71769 || 168 
106°'| 11286 1191016 10295630 478262 | 106 
107 11449 | - 1225048 10°344080 4°74745 | 107 
108 -| 11664 1259712 10°392804 446220 | 108 
109 11881 1295029 10°440306 477685 | 109 
110 12100 1331000 - 10°488088 | 4°79141 ‘| 110 
111 12321 1867631 10°5356538 480689 | 111 
112 12544 1404928 107583005 4°82028 | 112 
118 12769 1442897 °10°630145 | 488458 | 118 
114 | 12996 1481544 10°677078 484880 | 114 
' 4115 13925 1520876 10°728805 | (486294 | 115 
116 18456 1560896 10°770829 487699 | 116 
117 13689 1601613 10°816653 4°89097 | 114 
118 13924 1643083 10°862780 4°90486 | 118 
119 14161 1685159 10908712 4°91868 | 119 
120 14400 1728000 10954451 493242 | 190 
121 14641 1771561 } 110 4°94608 | 121 
122 148984 1815848 ‘11045861 4:95967 | 129 
12% 15129 1860867 11090536 4°97318 | 128 
124 15876 1908624 11°135528 4:98668 | 194 
125 15625 1953125 11180889 50 125 
126 15876 20008786 11224972 501929 .| 126 
127 16129 2048388. 11269427 502652 { 197 
128 16384 2097 152 11313708 508968 | 128 
129 16641 2146689 11-357816 505277 | 129 
130 16900 2197000 11°401754 506579 | 180 
181 17161 2248091 11°445523 507875 | 181 
182 17424 2299968 11489125 509164 | 183 
138 17689 2352637 11532562 510446 | 183 
184 17956 2406104 11'575886 511722 | 184 


135 18225 
136 18496 
137 18769 
138 19044 
139 19321 
149 19600 
141 19881 
142 20164 
143 20449 
144 20736 
145 21025 
146 21316 
147 21609 
148 21904 
149 22201 
150 22500 
1§1 22601 
152 23104 
153 23409 
154 23716 
185 24025 
156 24386 
157 |. 24649 
158 24964 
159 25281 
160 25600 
161 |. 25922 
162 26244 
163 26569 
164 26896 
165 27225 
166 277556 
167 27889 
168 28224 
169 28561 
170 28900 
171 29241 
172 |. 29684 
173 29929 
14 80276 
175 80625 
176 80976 
117 31329 
178. 81684 
1479. $2041 
.180 ‘32400 
181. |: 82761 


24603875 
2515456 
2571853 
2628072 
2685619 
2744000 
2803221 
2863288 
2924207 
2985984 
8048625 
8112136 
3176523 
3241792 
8307949 
3375000 
8442951 
3511808 
3581577 


8652264 | 


8723875 
8796416 
3869893 
8944312 
4019679 
4096000 
4173281 
4251528 
48380747 
4410944 
4492125 
4574296 
4657463 
4°41632 
4826809 
4913000 
6000211 
5088448 
5177717 
5268024 
§359875 
8451776 
65452338 
5689752 
8735389 
5832000 


8997741 - 


&9V VS") 


Square Root. 


11°618950 
11°661008 
11704699 
11°747340 
11°789826 
]1°832159 
11°874342 
11°0163875 
11°9858260 
12°0 

12°041594 
12°083046 
12°124855 
12°165525 
12°206555 
12°247448 
12°288205 
12°328828 
12°369316 
12°409673 
12°449899 
12°489996 
12°5629964 
12°569805 
12°609520 
12°649110 
12°688577 
12°727922 
12°767145 
12'806248 
12°845232 
12°884098 
12°922848 
12961481 
130 

13°088404 
13:076696 
13114877 
13°152946 
13°190906 
13:228756 
18°266499 
13 804134 
13°341664 
13379088 
13°416407 
13°453624 


CBRE Ee wweree @Fwwew 


Cube Root. [Numb 


5°12992 
5 14256 
5°15513 
516764 
5:18010 
5°19249 
§°20482 
621710 
6°22932 
524148 
5°25858 
626568 
6°27763 
6°28957 
530145 
5°313829 
5:32507 
533680 
§'34848 
636010 
§°37168 
5°38321 
5°39469 
5°40612 
5°41750 
542883 
544012 
5°45136 
6°46255 
547870 
648480 
5°49586 
5:50687 
5 51784 
6°52877 
§°53965 
5°55049 
6°56129 
5°57205 
558277 
559344 
5°60407 
5°61467 
6°62522 
6°63574 
664621 
5°65665 


Sr greg rere ee Sn = 


185 
136 
137 
188 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 


161 


162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 


164 Squares, Cupgs, Square Roots, anp Cuse Roorse. 


| Number. Square, Cube. Square Root, Cube Root. |Number. 


eo ec ES 


183 | ss4z9 | 6198487 | 18°597749 | 567741 | 188 
184 | 83856 | 6229504 | 18-564660 | 568773 | 184 
135 | 34995 | 6331625 | 13°601470 | 569801 | 185 
186 | 34596 | 6434856 | 13688181 | 570826 | 136 
187 | gs49e9 | @ssgon3 | 13674794 | 571847 | 187 
iss | 35344 | 6644672 | 13711809 | 572865 | 188 
189 | 35721 | 8731969 | 13747727 | 673879 | 189 
190 { 38100 | @ss9000 | 13-784048 | 574889 | 190 
191 | 36481 | 6967871 | 13820975 | 675896 | 191 
192 | 36864 | 7077888 | 13-856406 | 576899 | 192 
193 | 37249 | 7189057 | 13899444 | 5-77899 | 193 
194 | 37686 | 7801384 | 13°928888 | 578896 | 194 
195 | 38025 | 7414975 | 13-964240 | 5 -79889 | 195 
196 | 38416 | 7529536 | 14:0 580878 | 196 
197 | ssso9 | 7645873 | 14035668 | 581864 | 197 
198 | 39904 | 7762392 | 14071947 | 6-82847 | 198 
199 | 39601 | 7880599 | 14°106736 | 5 -83827 | 199 
200 | 40000 | soo0000 | 14142185 | 584808 | 200 
901 | 40401 | 8120601 | 14177446 | 5:88776 | 201 
202 | 40804 | 8242408 | 14212670 | 886746 | 202 
203 | 41209 | 8365497 | 14247806 | 687713 | 203 
204 | 41616 | 8489664 | 14282856 | 5-88678 | 204 
905 | 42095 | 8615125 | 14:317821 | 589686 | 205 
906 | 42436 | 8741816 | 14°352700 | 4-00594 | 206 
907 | 49819 | 9989743 | 14887494 | 691548 | 207 
208 | 43964 | 8998912 | 14422908 | 5 -92499 | 208 
209 | 43681 | 9199329 | 14456882 | 598447 | 209 
210 | 44100 | 9261000 | 14491876 | 894892 | 210 
211 | 44521 | 9393931 | 14595889 | 695884 | 212 
o12 | 41944 | 9328128 | 14580219 | 5-96273 | 212 
213 | 45369 | 9663597 | 14594519 | 697209 | 213 
214 | 43796 | 9800344 | 1428738 | 598142 | 214 
215 | 46295 | 9933375 | 14669878 | 599072 | 215 
a16 | 46656 | 10077696 | 14-696988 | 6-0 216 

| 47039 | 1oziseis | 14-780919 | 600994 | 217 
o13 | 47524 | 10360989 | 14764898 | 601846 | 218 
219 | 47961 | 10503459 | 14798648 | 609765 | 219 
9.9 | 48400 | 10848000 | 14882897 | 603681 | 220 
231 | 48841 | 10798861 | 34866068 | 604594 | 221 
92 | 49284 | 1o9si048 | 14899864 | 605804 | 292 
933 | 49729 | 11089567 | 14-983184 | 606412 | 293 
oo4 | sore | 11939424 | 14966629 | 607817 | 924 


mene —— | 
182 $3124 6028568 13°490787 5 66705 182 


— 225 50625 11390625 15°0 608220 | 225 
226 51076 11543176 15088296 609119 | 226 
227 06. «61529 11697083 15066519 610017 | 227 


11852352 15°099668 610911 | 228 


| §1984 


Namba Square. | Cube. 


| 

| 

| 229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 


258 
259 


260 

261 

262 
| 


Sé@uanea, Coszs, Squars Root, anp Cups Roots 


o_O 


52441 
52000 
53361 
53824 
64289 
54756 
§5225 
55696 
56169 
56644 
67121 
57600 
58081 
58564 
59049 
59536 
60025 
60516 
61009 
61504 
62001 
62500 
63001 
63504 
64009 
(4516 


65025 . 


65536 


66049 . 


66564 
67081 
67600 
68121 


68644 . 


69169 
69696 
70225 
50756 
71289 
71824 
72361 
_ 42900 
78441 
73984 
74529 
75076 
75625 


12008989 
12167000 
12326391 
12487168 
12649337 
12812904 
12977875 
13144256 
183812058 
13481272 
138651919 
18824000 
139975621 
14172488 
14848907 
14526784 
14706125 
14886936 
15069223 
15252992 
15438249 
15625000 
15813261 
16008008 
16194277 
163887064 
16581375 
16777216 
16974593 
17178512 
17373979 
17576000 


17779581 - 


17984728 
18191447 
18399744 
18809625 
18821096 
19084163 
19248832 
19465109 
19683000 
19902511 
20123648 
20346417 
20570824 
20796875 


Square Rout. 


15°1382746 
15°165750 
15198684 
15'281546 
15264337 
15297058 
15°329709 
15°362291 
15°394804 
15°427248 
15°459624 
15°4919383 
15°624174 
15°556349 
15°588457 
15°620499 
15°652475 
15°684387 
15°716238 
15748015 
15779783 
15'811388 
15842979 
15°874507 
15:905973 
15°937377 
15968719 
16° 
16081219 
16062878 
160938476 
16 124515 
16155444 
16°186414 
16217274 
16°248076 
16278820 
16°309506 
16°840134 


16 870705. 


16°401219 
16°431676 
16462077 
16492422 
16 522711 
16°552945 
16588124 


16* 


Cube Root. 


6°11803 
6°12692 
6°13579 
6°144638 
6°15344 
6 16224 
617100 
617974 
6°18846 
619715 
6°20582 
6°21446 
6°22308 
6 23167 
6°24025 
6°24879 
6 257382 
6 26582 
6274380 
628276 
6°29119 
6:29960 
6 36799 
6°31685 
6°32470 
6°33302 
6°34132 
6°34960 
635786 
636609 
6 37481 
638250 
6 39067 
6°39882 
6:40695 
6°41 506 
6 42315 
6 48122 
6:-43927 
6:44730 
6°45431 
6 46330 
647127 
647922 
6 48715 
649506 
6 50295 


186 


Number. 


229 
230 
231 
232 
233 
234 
235 
236 
237 


* 238 


239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
261 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
241 
272 
278 
274 


.275 


Squares, Cones, Square Roors, ann Cuse Roors. 


76176 
76729 
77284 
77841 
78400 
78961 
79524 
80089 
80656 
81225 
81796 
82369 
82944 
83521 
84100 
84681 
85264 
85849 
83436 
87025 
87616 
88209 
88804 
8)401 
90090 
90501 
91204 
91809 
92416 
93')25 
93636 
94249 
94864 
954181 
96100 
96721 
97344 
97969 
98596 
99225 
99856 
100489 
101124 
101761 
102400 
108041 
108684 


Cube. 


21024578 
21258933 
21484952 
21717689 
21952000 
22188041 
22425768 
22665187 
22906304 
23149125 
23393056 
23639903 
23887872 
24187569 
24889000 
24642171 
24897088 
251538757 
25412184 
25672375 
259343386 
26198078 
26463592 
26730899 
27000000 
27270901 
27543608 
27818127 
28094464 
2837 2625 
28652616 
28934443 
29218112 
29508629 
29791000 
30:1802381 
30371828 
30664297 
30959144 
31255875 
31554496 
31855018 
32157432 
32461759 
32768000 
33076161 
383886248 


Square Root. 


16°618247 
16°643817 
16 6733382 
16°703298 
16°738200 
16°763054 
16°792855 
16822608 
16°852299 
16°881948 
169115384 
16°941074 
16°970562 
170 

170293886 
17°058722 
17088007 
17117242 
17°146428 
17°175564 
17°204650 
17283687 
17°262676 
17°291616 
17°320508 
17 849351 
17°378147 
17°406895 
17°4385595 
17°464249 
17°492855 
17 521415 
17°549928 
17°578395 
17°606816 
17°635192 
17°668521 
17°691806 
17°720045 
17°748239 
17°776388 
17 804493 
17°832554 
17 860571 
17°888543 
17°916472 
17944338 


Cube Root. 


6°51868 
6'52651 
6°58433 
6°54213 
6°54991 
6°55767 
6'56541 
657813 
6°58084 
6°58853 
6°59620 
660385 
6 61148 
661910 
6°62670 
663428 
6°64185 
664939 
6656938 
6°66444 
6°67194 
6°67 942 
6'68688 
6°69432 
6°70175 
670917 
6°71657 
6°72395 
6°73181 
6°73866 
6°74599 
6°75331 
6°76061 
6°76789 
677516 
6°78242 
6°78968 
6°79688 
680409 
6°81128 
6°81846 
6°82562 
6°83277 
6°83990 
684702 
6°85412 


651083 


Number. 


276 
277 
278 
279 
280 
281 
282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
800 
801 
802 
803 
304 
805 
36 
807 


Square. 


109561 
110224 
110889 
111556 
112225 
112896 
213569 
114244 
114921 
115606 
116282 
116964 
117649 
118336 
119025 
119716 
120409 
121104 
121801 
122500 
123201 
122904 
124609 
125316 
126025 
126736 
127449 
128164 
128881 
129600 
130821 
131044 
131769 
182496 
133225 
133956 


135424 
136161 


134689 - 


Cuhe. 


83698267 
34012224 
34328125 
34645976 
34965783 
35287552 
35611289 
35937000 
36264691 
36594568 
36926037 
37259704 
37595375 
37933056 
38272753 
38614472 
38955219 
39304000 
39651821 
40001488 
40353607 
40707584 
41063625 
41421736 
41781923 
42144192 
42508549 
42875000 
43243551 
43614208 
43986977 
44361864 
44738875 
45118016 
45499293 
45882712 
46268279 
46656000 
47045881 
47437928 
47832147 
48228544 
48627125 
49027896 
49480863 
49836032 
50248409 


17-972200 


180 

18-027756 
18-055470 
18°083141 
18°110770 
18°138357 
18165902 
18193405 
18 220867 
18°248287 
18°275666 
18-303005 
18330302 
18 357559 
18°384776 
18°411952 
18439088 
18°466185 
18493242 
18520259 
18547237 
16°574175 
18°601075 
18°627936 
18°654758 
18°681541 
18708286 
18734994 
18761663 
18°788294 
18-814887 
18-841448 
18-867962 
18°894443 
18920887 
18-947295 
18°973666 
19-0 

19°026297 
19°052558 
19-078784 
19-104973 
19°181126 
19°157244 
19°183326 
19:209372 


Keuare Root. Cube Reot jNunabe 


686121 
686828 
6875384 
6-88288 
688941 
689618 
6-90848 
6-91042 
6917389 
6924385 
693180 
698828 
694514 
695205 
6°95894 


702710 
7033884 
704058 
704729 
705400 
7-06089 
7-06737 
707404 
708069 
708734 
709397 
710058 
710719 
711878 
7120386 
7-12683 
713849 
714003 
714656 
715809 
715959 
7-16609 
717258 


323 
S24 
325 
326 
327 
328 
329 


| 330 


33t 
332 
333 
834 


| 335 


336 
337 
338 
339 
840 
34l 
342 
348 
344 
345 
346 
347 
348 
349 
350 
351 
352 
353 
854 
$55 
856 
357 
358 
359 
360 
361 
362 


; 368 


864 
865 
866 
367 
368 
869 


ee ee ee I 
7 meditate meee a ated 


136900 
137641 
138384. 
189129. 
189876 
140625 
141376 
142229 
342884 
143641] 

344400 
14516) 

145024 
146689 

4147456 
148225 

148996 
149769 
150544 
151321 

162100 
152881 

158664 
154449 
155236 
156025 
156816 
157609 

158404 
159201 

160000 
36080) 

161604 


168921 
169744 
170569 
171896 
172225 
173056 


Cube. 


50653000 
51064811 


51478848. 


51895117 
§2313624 
62734375 
53157376 
53582633 
54010152 
54439939 
54872000 
55306341 
55742988 
56181887 
56623104 
57066625 
57512456 
57960603 
58411072 
58863859 


59819000 . 


59776471 
60236288 
60698457 
61162984 
61629875 
62099136 
62570773 
630447 92 
63521199 
64000000 
64481201 
64964808 
65450827 
65929264 
66430125 
66923416 
67419143 
679173812 
68417929 
68921000 
694266531 
69934528 
70444997 
70957944 
71478875 
71991296 


19°235384 
19°261360 
19287301 
19313207 
19339079 
19°364916 
19 390719 
19°416487 
19442222 
39°467922 
39°493588 
19°51922T 
19°544820 
19°570385 
19 595917 
19°621416 
19°646882 
19672315 
19697715 
39°723082 
19°77 48417 
19773719 
19°798989 
19°824227 
19°849433 
19874606 
19-899748 
39-924858 
19 949937 
19 974984 
20°0 

20°024984 
20°049937 
20°074859 
20099751 
207124631 
20°149441 
20°174241 
29199009 
20-223748 
20°-248456 
20°2731384 
20-297783 
20°322401 
20 346989 
20°371548 
20396078 


Squanes, OCosss, Square Roors, anp Cuse Roors. 


2 a eee an cone > a 


717905 
%-18551 
%-19196 
719840 
720488 
723124 
7-21%65 
722404 
2-938042 
%-23679 
4°24815 
7-24950 
"25584 
4-26216 
726848 
7 27478 
%°28307 
7-28736 
%-2.9863 
1:29989 
y 80614 
7-21238 
"33861 
732482 
"33103 
733723 
7 34342 
T 34959 
7°35576 
"36191 
7 3686 
"37419 
438032 
"-38643 
739254 
4-$9863 
740472 
7-410T9 
7°41685 
442291 
742895 
%-48499 
744101 
744703 
7 45803 
745903 
7°46502 


Cube Rest. Numbes. | 


Squarss, Cvs Cuses, Square Roors, AND Cus Roora. 16 


[rambo Square. Cube. | Square Root. Cuhe Root. ‘Numibe 
| —_— 
| Ali 173889 | 7 725117138 | 20-420577 9-47099 | 417 
| 41s | 174724! 730846823 ; 20-445048 | 747696 | 418 
419 Day 73560059 20°469489 7°48292 {| 419 
420} 176400 | 74088000 | 20403901 | 7-48887 { 420 
421 | 177241 | 74618461 | 20°518284 | 749481 1 491 
422) 178084 | 75151448 20°542638 | 750074 | 429 
423 | 178929 | 75686967 | 20566963 } 7750666 | 423 
424] 179776 , 76225024 | 20591260 761957 | 424 
25 180625 | 76765625 ! 20°615528 97-51847 | 425 
| 426 } 181476 | 77808776 20°639767 9-52486 | 426 
} 427 sa 17854483 20663978 758024 | 427 
{ 428 ] 1831841 78402752 20°688160 7°58612 | 428 
429 } 184041 | 78953589 20°712315 7-54108 | 429 
430 } 184900] 79507000 20°736441 754784 | 480 
43] ] 185761 | 80062991 20°760539 7°65868 | 481 
432 1 186624} 80621568 | 20784809 | 755962 | 439 
433 187489 | 81182737 ] 20808652 7°56585 { 483 
; 434 ae 81746504 20°832666 7S111T $484 
435 } 18922 82312875 20856658 757698 | 435 
436 isove §2881856 20°880618 1°58278 | 436 
437 7 190969 | 834532453 20°904545 | ‘T588857 | 487 
| 438 } 191844 | 84027672 20°928449 7°69436 | 438 
. 489 1 192721 | 84604519 20952326 160018 | 480 
| 440 1 193600] 85184000 | 20:976177 {| 140590 | 440 
| AML { 194481 | 85766121 21-0 761166 | 441 
t+ 442 4 195364 | 86350888 21-023796 @el741 | 442 
| 443 1 196249 | 86938307 21:047565 "62315 | 443 
A14} 197136 | 87528384 21-071807 762888 | 444 
' 445 1] 198025 | 88121125 21095028 9°63460 | 445 
| 448 1 198916 | s87l6536 | 21-119712 | T4082 | “46 
; 447 | 199809 | 89314623 21°149374 964602 | 447 
| 448 | 200704 | 89915392 21°166010 "65172 | 448 
| 449 | 201601 | 90518849 21-189620 9.65741 | 449 
459 | 202500! 91125000 21°213208 7°66809 | 450 
Ad] } 203401 | 91733351 | - 21-236760 9°68876 | 451 
‘+ 4521 204304 | 92345408 21-2602991 9°67448 | 459 
| 453 | 205209 | 92959677 21-288796- | 768008 | 453 
A454, 206116 | 93576664 21-807275 168573 | 454 
A5S ; 207025 | 94198375 91-330729 769187 | 455 
A5B , 207936 | 94818816 21354356 4-69700 | 456 
A457 | 208849 | 95443993 21°877558 7°10262 | 457 
458 | 209764 | 96071912 21-400934 7°10823 | 458 
459 | 210681 | 96702579 91°424985 711884 | 459 
460 | 211600 | 97336060 21447610 9771944 | 460 
461 | 212521 | 9797218 21-470910 479603 {| 461 
A62 | 213444 | 98611128 21-494185 4-T3061 | 462 
463 | 214369 | 99252847 21°517434 713618 | 468 


{ . = 


eV 


Yurober Square, 


215296 


DOQUAEES, VUES, DPQUALE EVUULE, AND Wee SUV Van 


216225 
217156 
218089 
219024 
219961 
220900 
221841 
222784 
223729 
224676 
226625 
226576 
227529 
228484 
229441 
230400 
281361 
232324 
283289 
234256 
¥35225 
286196 
237169 
938144 
239121 
240100 
241081 
242064 
243049 
244036 


at 
Eas 
> Sa 
ET ET TE ST COI I LO CL LCI COT 


Cube. 


998973844 
100544625 
101194696 
101847563 
10250382382 
108161709 
108823000 
104487111 
105154048 
105828817 
106496424 
107171875 
107850176 
108631833 
109215352 
1099022389 
110592000 


111284641 


111980168 
112678587 
113379904 
114084125 
114791256 
116501303 
116214272 
126980169 
117649000 


118370771 © 


119095488 
219828157 
120553784 
121287375 
122023926 
122163473 
128505902 
124251499 
125000000 
125751501 
126506008 
127263627 
128024064. 
128787625 
129554216 
180323848. 
131096512 
181872228 
132651000 


Square Rout. 


— 


21°540659 
21°563858 
21°5870383 
21°610182 
21633307 

21°656407 

21°679483 
21°702534 
21°725561 

21°748568 
21°771541 

21°794494 

21°817424 

21°840329 
21°8638211 

21886068 
21°908902 

21°931712, 
21°954498 

21°977261 

22°0 


22°022715 . 


22°045407 
22068076 
22 090% 22 
22°113344 
227135943 
22158519 
22°281073 
22-203603 


22°226120 | 


22°248598 
22°27 1057 
22°293496 


, 22°315913 


22°338307 
22 860679 
22°383029 
22°406356 


'22:427661 


22°449944 
22:47 2205 


22°494443 
982°516660., 
, 22°538858 

29561028 . 


22°583179 


Cube Root. 


TT4VS 
T4731 
115286 
715840 


716398 


716946 
T7717 498 
"718049 
"18599 
479148 
4969T 
7°80245 
780792 
481888 
181884 
"82499 
182978 
183516 
184059 
784601 
185142 
785682 
286222 
48676) 
"°87299 
1818386 
XBSSTS 
288909 
"89444 
"89979 
7 90512 
N-91045 
"91578 
792109 
%-92640 
%°9817 
723700 
794229 
"94787 
795284 
h-95811 


: 7-963937 


796862 
797387 
74-9793) 
798434 


1198956 


Squares, Cuses, Square Roots, ann Cune Roots. 


Square. 


261121 
262144 
263169 
264196 
265225 


266256. 


267289 
268324 
269361 
270400 
271441 


272484 | 


273529 
274576 
275625 
276676 
277729 
278784 
279841 
280900 
281961 
283024 
284089 
285156 
286225 
287296 
288369 
289444 
290521 
291600 
292681 
293764 
294849 
295936 
297025 
298116 
299209 
300304 
801401 
302500 
308601 
304704 
805809 
3806916 
308025 
309136 
310249 


Cube. 


188432831 
134217728 
135005697 
185796744 
186590875 
187388096 
138188413 
188991882 
189798359 
140608000 


141420761 | 


142236648 
148055667 
143877824 
144708125 
145531576 
146363183 
147197952 
148035889 
148877000 
149721291 
150568768 
151419487 
152278804 
153130875 
153990656 
154854153 
155720872 
156590819 
157464000 
158340421 
159220088 
160103007 
160989184 
161878625 
1627713386 
168667328 
164566692 
165969149 
166875000 
167284151 
168196608 
169112877 
170081464 
170953875 
171879616 
172808698 


Square Rost. 


22605809 
22627417 
22649508 
22671568 
22698611 
22°715688 
22°737 684 
22759618 
22°781571 
22808508 
22°825494 
22°847819 
22869198 
22°891046 
22912878 
22°934689 
22956480 
22°978250 
23°0 

28021728 
23°048437 
28065125 
28086792 
28°108440 
23:130067 
28:151678 
28178260 
28:194827 
28216878 
28-287900 
28-259406 
23-280898 
28302360 
28°328807 
28 345286 
23366642 
23 -888081 


23409899 - 


23 430749 
28 -452078 
28 473389 


23 494680 - 


23°515952 
28-587204 
23 °558438 
23 579652 
28 600847 


Cube Root. : 


799478 


8°02595 
8°08112 
8-08629 
804145 
804660 
8-05174 
805688 
8:06201 


806714: 


8-07226 
807787 
808248 
8-087 57 
8-09267 
8-09775 
810288 
810791 
811298 
8-11804 
8°12809 
8-12814 
8°18318 
8°38822 
8°14825 
8°14827 
815329 
3'158380 
8°16331 
816830 
8°17380 
817828 
818826 
8°18824 
8°19821 
819817 
8-20813 
820808 
8°21802 
8-21796 
8-22289 
8-22782 


a i leases 


SO II A LA TEL EPO EO SATEEN at 


320856 
321489 
322624 
323761 
824900 
326041 
827184 
328329 
329476 
330625 
331776 
332929 
334084 
335241 
336400 
337561 
338724 


339889. 


341056 
342225 
3433096 


314569. 


845744 
346921 
348100 
3849281 
350464 
351649 
352836 
334025 
855216 
356409 
$57604 
858801 
360000 
361201 
362404 
363609 
364816 


173741112 
174676879 
175616000 
176558481 
177504828 
178453547 
179406144 
180362125 
181821496 
182384263 
1832504382 
184220009 
185193000 
186169411 

187349248 
188182517 

189119224 
190109875 
191102976 
192100083 
193100552 
194104539 
195112000 
196122941 

197137368 
198365287 

199176704 
200201625 


- 201230056 


202262003 
20329747 2 
204336469 
20537 9000 
20642507 I 
207 474688 
208527847 
209584584 
210644875 
211708736 
212776173 
218847192 
214921799 
216000000 
217081801 
218167208 
219256227 
220348864 


i RT A I A I LI LL A I IL LI LL NS RS SN NE SESE an en ee ee 


Square Root, re Cube Root. 


23622023 
23 °643180 
23°664319 
23°685438 
23°7065389 
23°7 2762) 
23°748684 
23°769728 
23°790754 
23°811761 
23°832750 
23°853720 
23°874672 
23°895606 
23-916521 
23-987418 
23°958297 
23-°979157 
24°0 
24°020824 
24°041630 
24°062418 
247083189 
24°103941 
24°124676 
24°145392 
24°166091 
24°186773 
24°207436 
24°228082 
24°248711 
24°269322 
24°289915 
24°310491 
24°331050 
24°351591 
24°372115 
24392621 
24°413191 
24°433583 
24'454088 
24°474476 
24°494897 
24°515301 
24535688 
24°556068 
24°576411 


H 


8- - s2sgte 
8-2376 
8 Ei 
8°24747 
8°25237 
825726 
8°26214 
8-26702 
: 27190 
8°27677 
8-28163 
8-28649 
829134 
8°29619 
830103 
8°30586 
8°31069 
8:31551 
8°32033 
8°3514 
8°32995 
8°33A75 
8-33953 
8°34434 
8 24912 
8°35390 
8 35867 
836344 
8°36820 
8°37296 
8-371 ik 
838246 
8°38720 
8°39194 
8 39667 
840139 
840014 
8°41083 
8°41654 
8°42024 
842494 
8°42963 
8°43432 
8°453900 
8°44368 
8°44836 
8°453802 


Is umber. 


558 
559 
560 
561 
562 
563 
564 
565 
566 
567 
568 
569 
570 


ee ee ee ee eee 


J 


7 Number. | Square. | Cube. 

604 366025 221445125 
606 367 236 222545016 
607 868149 -| 223648543 
608 369664 2247557121 
609 370881 225866529 
610 372100 226981000 
611 373321 228099131 
612 | . 374544 229220928 
613 75769 280346397 
614 376996 281475544 
615 378225 232608375 
616 379456 283744896 
617 380689 | 284885113 
618 381924 286029032 
619 | 383161 | 287176659 
620 | - 884400 288328000 
621 885641 239483061 
622 386884 240641848 
623 888129 241804367 
624 389376 | 242970624 
625 390625 244140625 
626 891876 | 245314376 
627 393129 246491883 
628 394384 247673152 
629 895641 248858189 
630 396900 250047000 
631 398161} 2512395981 
632 899424 |. 252435968 
633 400689 253636137 
634 401956 254840104 
635 403225 256047875 
636 404496 257259156 
637 405769 258474853 
638 407044 259694072 
639 408321 260917119 
640 409600 262144000 
641 410881 263374721 
642 412164 264609288 
643 413449 265847707 
644 414736 267089984 
645 416025 268336125 
646 417316 269586136 
647 418609 2708400238 
648 419904 272097792 
649 421201 273359449 
650 422500 274625000 


Squazes, Cunza, Sc Square Roots, _ AND Cuse Roots. 


423801 


275894451 


Square Root. 


24° 596747 
24°617067 
24°637370 
24°657656 


. 24°677925 


24°698178 


~ 24°718414 


24°738633 
24°758836 
24°779023 
24°799193 


' 24°819347 


24 °839484 
24°859605 
24°879710 


_ 24899799 


24°919871 
24°939927 
24°959967 


24'979992 . 


25°0 

25°019992 
25 089968 
25059928 
25°079872 


. 25°099800 


- 25°119713 
25°139610 
. 25°159491 


_ 25°179356 
25°199206 . 


» 26°219040 
25°238858 
25°258661 
25:°278449 
25°298221 
25°317977 
25°337718 
25 357444 
25 877155 
25°396850 
25°416530 
25436194 
25°455844 
25°475478 
25°495007 
25°5147013 


Meet ay ee ee ee ee ee ee ge 


Cube Root. 


845769 


8°46254 
8 46700 
847164 
847628 
8:°48092 
8 485565 
849018 
8 49480 
8-49942 
8°50408 
8 50864 
8°51324 
851784 
8°52243 
8°52701 
8 53160 
853617 
8°54075 
8°54531 
8°54987 
8 55443 
8 55898 
8°56353 
8°56808 
8°57 261 
857715 
8°58168 
8 58620) 
8°59072 
8°59523 
859974 
860425 
860875 
861324 
8°61773 
862222 
8°62670 
863118. 
8°63565 
8°64012 


+ 864458. 


8°64904 
8°65349 
865794 
866239: 
866683 


19 


Number 


605 
606 
607 
608 
609 
610 
611 
612 
613 
614 
615 
616 
617 
618 
619 
620 
621 
622 
623 
624 
625 
626 
627 
628 
629 
630 
631 
682 
633 
684 
685 
686 
637 
638 
639 
640 
641 
642 
643 
644 . 
645 
646 
647 
648 
649 
650 
651. 


94 

652 | 425104 
663 | 426409 
664 | 427716 
655 | 429025 
656 | 430836 
657 | 481649 
658 | 432964 
659 | 434282 
660 | 435600 
661 | 436922 
662 | 438244 
663 | 439569 
664 | 440896 
665 | 447226 
66g | 448556 
667 | 444889 
66g | 446224 
669 | 447561 
670 | 448900 
671 | 450241 
672 | 451584 | 
678 452929 
674 454276 
675 | 455625 
676 | 456976 
677 | 458329 
678 | 459684 | 
679 | 461041 
680 | 462400 
681 | 463761 
682 | 466124 
683 | 466489 
684 | 467856 
685 469225 | 
686 | 470596 
687 | 471969 
688+} 473344 
689 | 474721 
690 | 476100 
691 | 477481 
692 | 478864 
698 | 480249 
694 | 481636 
695 | 483025 
696 | 484416 
697 | 485809 
698 | 487204 


Cube. 


277 187808 
278445072 
279726264 
281011375 
282300416 
288593393 
284890312 
286191179 
287496000 
288804781 
290117528 
291484247 
292754944 
29407 9625 
295408296 
296740963 
2980776382 
299418309 
8007 63000 
802111711 
303464448 
804821217 
806182024 
807546875 
808915776 
810288733 
311665752 
818026839 
814482000 


315821241 | 


817214568 
818611987 
820013504 
821419125 
822828856 


8242949708 | 


325660672 
827082769 
828509000 
82993987 1 
831373888 
832812557 
834265384 
885702375 
837158536 
3386088738 
840068392 


Square Root. 


25 -534290 
25°553864 
25°57 84238 
28°592967 
25°612496 
25 632011 
25°651510 
25°670995 
25°690465 
25709920 
25°729360 
25°748786 
25°768197 
257787693 
25806975 
25°8268438 
25°846696 
25865084 
25°884368 
25°908667 
26°922962 
25°942243 
25061510 
25-9807 62 
260 
260192238 
26°088438 
26:°057628 
26°076809 
26°095976 
26°115129 
26'184268 
26°158393 
26°17:2504 
26192601 
26°210684 
262297 64 
26248809 
26°267851 
26286878 


— - 26°305882 


26324893 
26843879 
26362852 
26°381811 
26°4007 57 
26°419689 


Sovares, Cones, Square Roots, anp Cuse Roors. 


Cabe Root. 


8°67 126 
8°67569 
8°68012 
8°68454 
8°68896 
8°69337 
8:69778 
8°702T8 
8-70658 
871098 
8-7 1537 
8-71975 
9°72414 
8 72851 
8°73289 
8'73726 
8-74162 
874598 
8°75034 
8°75469 
8°75908 
8 768386 
8:76771 
8°77 205 
8°77638 
878070 
8-7 §502 
878984 
8°7 9365 
8°797 96 
8°80227 
8°80657 
8'81086 
881515 
881944 
882378 
882800 
8:83228 
8°83655 
8°84082 
8 84508 
884984 
8°85359 
8°85784 
8:86209 
8°86633 


887057 | - 


Number. 


652 
658 
654 
655 
656 
657 
658 
659 
660 
662 
662 
663 
664 
665 
666 
667 
668 
669 
670 
672 
672 
678 
674 
675 
676 
677 
678 
679 
680 
681 
682 
688 
684 
685 
686 
687 
688 
689 
690 
691 
692 
698 
694 
695 
696 
697 
698 


ey 
pons 
io.) 


wl 
i 
a 


at 
@ 
ra . 


~ 
bo 


square. 


488601 
420000 
491401 
492804 
494209 
495616 | 
497025 
498436 
499849 
501264 
502581 
§04100 
§05321 
507944 
508369 
809796 
S$11225 

5123656 
5) 4089 
515624 
516961 
518400 
S19SLt 
521284 
§22729 
624176 
525625 
5270/6 
528329 
529984 
531441 
532900 
534361 
535824 
§37289 
538756 
§40225 
541696 
5431269 
§44644 
546121 
547600 
54v08l 
550564 
552049 
553536 
565025 


— 


ee OE ee emesis Ra ttc DN AR tn ac ene RAO tee 
om 


Coie. 


341582099 
343000000 
344472101 
345948408 
347428927 
348913684 
350402625 
351895816 
3583932438 
354894912. 


3364003829 


457911000 
349423431 
360944128 


362467097. 


363994344 


365525875. 


367081696. 
368601813 


370136232. 


371691959 
373248000 
374805864 
376367048 
377933067 
379503424 
381078126 
382651176 
384240538 
385928352 
387420489 
389017008. 
390617891 
3892323163 
893832837. 
393416904 
B97065375 
398688256 


400315568 . 


40tes7372 
403588419 
405224000 
406869021 
408318488. 
410172407 
411830784 
413498625 


4 F «a 2 « . Hi . - . 
a te ee 
nag rin Lace tam i Solin fr A AP LI lofi re aN IOAN Liam, acne AE TA a rl Fete Pa Ce th A Ri I A ENS tn 


- 


Square Reot. 


26°438608 
26°457 613 
26476404 
26 °495282 
26°514147 
26°582998 
26°551836 
26570660 
26°589471 
26°668269 
26°627053 


26°645825 


26°664588 
26 ‘683328 
26702059 
26°720778 
26°739483 
26°758176 
26°776855 
26°795522 
26°814175 
26°832815 


26°851443 . 


26370057 


26°888659 - 


26907 248 
26925824 
26944387 
26962937 
26981475 
27°0 

27°818512 
27-O870LL 
27055498 
27078972 


QirOnv4S4 : 
27110883 . 


27120319 
27147783 


27166155 - 


27184554 
27-202941 
27221815 
27 289676 
27-258026 
27'276363 
27294688 


{ 
8°91273 
] 


Baris, Sven, Soe Cuers, Sqvane Roors, awn Cus Roors _ 


| Cube Reot. 


8:87480 
8°87904 
8 88326 
888748 
889170 
8°89592 
890013 
8°90433 
890853 


8°91692 
8°92112 
8$°92530 
8°92949 
8 93366 
8:98784 
8°942Q1 
894618 
8°95034 
895460 
8°95865 
8°96280 
8:96695 
$'97110 
8°97524 
8 97937 


01232 
9°01648 
902052 
9°02462 
9°02871 
9°03280 
9°03688 
914098 

04504 
9°04911 
9°05318 
9°037 24 
9706180 
9°06586 


¥96 


Number. 


746 
447 
TA8 
749 
750 
751 
752 
153 
154 
755 
456 
457 
758 


adil: 
— 


6s SqvAnss, Cups, = Roors, ano Cube Rootk. 


Square. 


556516 
558009 
559504 
661001 
562500 
564001 
565504 
567009 
668516 
570025 
671536 
578049 
674564 
876081 
mp 
679121 
580644 
582169 
583696 
685225 
586756 
588289 
689824 
591361 
592900 
594441 
695984 
697529 
§99076 
600625 
602176 
608722 
605284 
606841 
608400 
609961 
611524 
613089 
614656 
616225 
617796 
619369 
620944 
622521 
624100 
625681 
627 264 


Cube. 


415160086 
416832728 
418508992 
420189748 
421875000 
423564751 
425259008 
428957777 
428661064 
430368875 
482081216 
488798098 
485619512 
437 245479 
488976000 
440711081 

44245177 28 
parrots 
445048744 
447607125 
449455096 
451217663 
452984832 
454756609 
456533000 
458814011 
4600996438 
461889817 


468684824 | 


465484875 
467288576 
469097433 
470910952 
472729189 
474552000 
47 6879541 
AT82U1T68 
450048687 
483890304. 
4887 36625 
485587656 
487443408 
489303872 
491169069 
493039060 
494918671 


496798038. 
rh le 


Square Reot. | Cuhe Root. 


27313000 
2733180.) 
27849588 
27°367864 
27888127 
27404879 
27-422618 
27°440845 
27°458060 
27477263 
27495464 
276186383 
276381799 
27°549954 
27°568097 
27586228 
27 604347 
27622454 
27 640549 
27658638 
27 676705 
27694764 
27 712812 
27°730849 
27°748873 
27°766886 
27°784888 
27°802877 
27°820855 
27888821 
27856776 
BT-BT4719 
27 892651 
27-910571 
37 928480 


2801785! 
28085691 
28053520 
28°07 1337 
28089143 
28-106938 
28°324722 
28'142494 


| 


9-06942 
9°07347 
907752 
9:08156 
‘908560 
908968 
909867 
9 08770 
910172 
910574 
9°10976 
911378 
9°117790 
9'12180 
9°14 2680 
9°12980 
9°13380 
918779 
9°14178 
9714577 
9714976 
9°15873 
9-15771 
9°26168 
9716565 
9°16962 
9°17358 
9°17754 
9°18150 
9°18545 
9°18940 
9°19334 
9-197 28 
9°20122 
920516 
920909 
9°21302 
9-21695 
9°22087 
9°22479 
922870 
9°23261 
9°238652 
9°24048 
9-24433 
921823 
952213 


ag ere eg ee an ee attire 


Squanes, Cones, Squank Roots, axp Coens Roors. 


628849 
630436 
682025 
633616 
635209 
636804 
638401 
640000 
641601 
643204 


844809 | 


646416 
648025 
649636: 


651249 
652864° 


654481 
656100 
657721 
659344. 
660969 
662596 
664225 
665856 
667489 
669124 
670761 
672400 
674041 
675684 
677329 
678976 
680625 
682278 
683929 


685584 . 


687241 
683900 
690561 
692224 
693889 
695556 
697225 
693896 
700569 
702244 
703921 


4988677257 
500566184 
50245987 5 
504358836 
5086261573 


508169592 - 


510082399 
§12000000 
5189223401 
515849608 


517781627 © 


519718464 
521660125 
523606616 
426557943 
S2TH5L4112 
529475129 
531441000 
6334117381 
535887828 
537867797 
539853144 
541348375 
543338496 
6453385138 
547348432 
549353259 


551368000 f 


558387661 
555412258 
557441767 
559476224 
561515625 
563559976 


565609288 | 


567663552 
569722789 
571787000 


573856191 7 


5759389368 


578009587 | 


580093704 
582182875 
584277056 
586376253 


588480472 | 


590589719 


28°160255 . 


28°178005 
28-195744 
98-218472 
28-231188 
28248898 
28-266588 
28-284271 
28301943 
28-819604 
28337254 
289-364893 
28°87 2521 
28-390189 
28:407745 
28-425340 
28442925 
28460498 
28478061 
28°496618 
28°518154 
28580685 
28548204 
28'565718 
28°588211 
28600699 
28618176 
28°685642 
28°353097 
28°670542 
28°687976 
28°705400 
28722818 
28°740215 
28°757607 
28°774.989 
28°792360 
28°8097 20 
28827070 
28°844410 
28861739 
28879058 
28896366 
28-913664 
28°980952 
28°948229 
28°965496 


17% 


Cube Rest. 


9°25602 
9°2599) 
9 26379 
9°26767 
9°27155 
9°27543 
9°27980 
9°28317 
928704 
9°29090 
9°29476 
9°29862 
9°80247 
9°306382 
9°31017 
9 81401 
9'31785 
9 32169 
9°3 2553 
9°32936 
9°83319 
9°33701 
9 34083 
9°34465 
9°34847 
9°35228 
9°35609 
9'35990 
9°36370 
9:36750 
9°87130 
9°37509 
9°37888 
9°38 267 
9 38646 
9°39024 
9'39402 
939779 
9°40156 
9'°40833 
9°40910 
9°41286 
9°41662 
9°42038 
9°42414 
9°42789 
9°43164 
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Number.| Square. 


705600 
707281 
708964 
710649 
712386 
714025 
715716 
717409 
719104 
720801 
722500 
724201 
725904 
727609 | 
729316 | 
731035 
782736 
784449 
186164 
737881 
739600 
141321 
743044 
744769 
746496 
748225 
749956 
751689 
763424 
755161 
756900: 
758641 
7160384 
762129 
"63876 
765625 
167876 
769129 
770884 
772641 
1'74400 
"76161 
177924 
"79689 
781456 
783225 
784996 


en ae 


Cc ude. : 


592704000 | 


5948233821 
596947688 
599077107 
601211884 
6083851125 


605495736 


607645423 
609800192 
611960049 
614125000 
616295051 
618470208 
620650477 
622835864 
626026875 
627222016 
629422793 
631628712 
638889779 
636056000 
638277381 
640508928 
642735647 
644972544 
647214425 
649461896 
651714363 
653972082 
656231909 
658503000 


660776311 {| 


663054848 


665338617 


667627634 
669921875 
672221376 
674526133 
676836152 
679151439 
681472000 


683797841 | 


686128968 
688463387 
690807104 
693154125 
695606156 


Square Rbot. 


28-982758 
29° » 

29°017286 
29084462 


29051678 . 
29068883 . 


29086079 
29°108264 
29°120439 
29°187604 


29154759 . 


29°171904 
29°189039 
29°206168 
29°223278 
29-2403880 
29°2574177 
29274562 
29°291637 
29°808701 
297325756 
29°342801 
29359836 
29°37 686) 
29°393876 
29°410882 
29°427877 
29444863 
29°461839 
29°478805 
29°495762 
29°512709 
29°529646 
29°546573 
29°563491 


29°580398 . 


29°597 297 
29°614185 
29°631064 
29°647934 
29:664793 
29°681644 
29°698484 
29°7153815 
29°732137 
29°748949 


29°765752 . 


Squarrs, Cuses, Savane Rooms, axp.Cosg ‘Roors. 


Cube Reet. 


948588 
9-433913 
944287 
9°44660 

945084 
946407 
945779 
9°46152 
9°46524 
9°46896 
9°47268 
9-47689 
9°48010 
9°48883 
9°48753 
9491228 
9°49493 
9°4986)} 
9°50230 
9°30599 
950968 
9°51836 
951705 
9°52073 
952440 
9°5 2807 
9 538174 
953541: 
9°33908 
9°54274 
9°3 4640 
9°55005 
9°55371 
9 55736 
956101 
9°56465 
9°36829 
9°67193 
9°57557 
9°57920 
9-58283 
9°58646 
9°59009 
9°59371 
9°49738 

‘960098 
9-80456 


Sqrates, Césxs, Squire Roots, axp Cuse Roors. 


Squs 2. 8 


786769 
"88544 
790821 
792100 
798881 
195664 
197449 
7992386 
801025 
802816 
804609 
806404 
808201 
810000 
811801 
813604 
815409 
817216 
819025 
820886 
822649 
824464 
826281 
828100 
829921 
831744 
833569 
833496 
837225 
839056 
840889 
842724 
844561 
846400 
8418241 
850084 
851929 
853776 
855625 
857476 
859329 
861184 
863041 
864900 
866761 
868624 
870489 


Cube. 


697864103 


700227072 
702595869 
704969000 
207847971 
709732288 
712121957 
714516984 
716917875 
719328186 
721784273 
724150792 
726572699 
729000000 
731432701 


733870808 | 


736314327 
738763264 
741217625 
148677416 


746142643 | 
748613812 | 


751089429 


153571000 | 


756058031 
758550528 
761048497 
763551944 
766060875 
768575296 
471095218 
773620682 
776151559 
778688000 
781229961 
788777448 
786830467 
788889024 
791458125 
794022776 
796597983 
799178752 


801765089 | 


804357000 
806954491 
809557568 
812166237 


Square Root, 


29°782545 


297993828 
29°8161038 
29°832867 
29°849623 
29°866869 
29°883105 
29°899832 
29°916550 
29°933259 
29°949958 
29°966648 
29°983328 
80'0 

30016662 
80°083314 
80°049958 
30066592 
80083217 
30 0998383 
30°116440 
80°138088 
80:149626 
80°166206 
$30°182776 
80°1993387 
80°215889 
30°2824382 
30°248966 
30°265491 
80°282007 
80°298514 
30°3815012 
80331501 
30347981 
80°364452 
30°380915 
80°397868 
30'413812 
80°430248 
80°446674 
80°463092 
$0°479501 
$0°495901 
80°512292 
80528675 


80°545048' 


19 


€ 


a 


Cube Root. |Number. 


9°60818 
961179 
961539 
9°61900 
962260 
9°62620 
9°62979 
9°63339 
9°63698 
9°64056 
9-64415 
984773 
9°65181 
9°65489 
965846 
9°66204 
966560 
9°66917 
9°67274 
9°67680 
9°67 986 
9°63841 
9°68697 
9°69052 
9°69406 
9°69761 
9°70115 
9°70469 
9°70828 
971177 
9715380 
971883 
9°72236 
9°72588 
9°72941 
973293 
9°73644 
9°73996 
9°74347 
9°74698 
9°75049 
975399 
9°75750 
9°76100 
9°76449 
9°76799 
977148 


887 
888 
889 
890 
891 
892 
898 
894 
895 
896 
897 
898 
899 
900 
901 
902 
908 
904 
905 
906 
907 
908 
909 
910 
911 
912 
918 
914 
915 
916 
917 
918 
919 
920 
921 
922 
923 
924 
925 
926 
927 
928 


872856 


874225 
876096. 
877969 
879844 
881721 
883600 
885481 
887364 
889249 
891136 
893025 
894916 
896809 
898704 
900601 

902500 
904401 

906304 
908209 
910116 
912026 
913936 
915849 
917764 
916681 

921500 
923521 

925444 
927369 
929296 
931225 | 
933156 | 
935089 © 
937024 | 
938961 
940900 

942841 
944784 
946729 
948676 
950625 
952576 
954529 
956484 
958441 
960700 


Cube. 


814780504 
817400375 
820025856 
822656953 
825293672 
827936019 
830584000 
833237621 
835896888 
838561807 
841232384 
843908625 
846590536 
849278123 
8519713892 
854670349 
857375000 
860085351 
862801408 
865523177 
868250664 
870983875 
873722816 
876467493 
879217912 
§81974079 
$84736000 
887503681 
890277128 
893056347 
895841344 
898682) 25 
901428696 
904231063 
907039232 
909853209 
912673000 
915498611 
918330048 
921167317 
924010424 
926859375 
929714176 
932574833 
935441352 
938313739 
951192000 


Square Roof. 


30'561413 
30°577769 
80°594117 
80°610455 


80°626785 © 


80°643106 
80°659419 
80°675723 
80'692018 
80°7083805 
80 724583 
80°740852 
80°757113 
80°7733865 
80°7 89608 
80°8058438 
80 822070 
80°838287 
80°854497 
30 870698 
80°886890 
80:903074 
80919249 
80°935416 
80°951575 
80°967725 
80:°983866 
81:0 

81 016124 
$1:0382241 
$1°0483849 
81°064449 
$1°080540 
81°996623 
81°112698 
81°128764 
31°144823 
$1:160872 
31°176914 
$1:192947 
31:°208973 
31 224990 
31°240998 
31°256999 
31:272991 
81°288975 
81:304951 


Squares, Cuses, Square Boots, anp Cyse Roots 


Cube Root. 


9°77497 
9°77846 
978194 
9°78542 
978890 
9 79238 
9°79586 
9°79933 
9'80280 
9°80627 
9°80973 
9°81319 
9°81665 
9°8201] 
982357 
9'82702 
9°83047 
9°83392 
9°837386 
9°84081 
9°84425 
9 84769 
9 85112 
9°85456 
9 85799 
9°86142 
9°86484 
9°86827 
9°87169 
987511 
9 87853 
988194 
9°88535 
9°88876 
9°89217 
9°89558 
9°89898 
9°90238 
9°90578 
990917 
9 91257 
9°91596 
9 91935 
9°92273 
9°92612 
9°92950 
9°93288 


© Oo 
On Or 
® @ at 


Number. 


934 
9385 
936 
937 
938 
939 
940 


| 
941 
942 
943 
944 
945 
946 
947 
948 
949 
950 
951 
952 
953 
954 
955 
956 
959 
960 
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_____ Squares, Cuses, Square Roots, anp Cuse Roors. 


Number.| Square. | Cube. Square Rout. Cube Root. |Number 
981 ; 962361 | 944076141 | 31°320919 9-93626 | 981 
982 964324 946966168 31°386879 9°93963 982 
983 966289 949862087 31°3528380 9 94300 933 
984 968256 952763904 31:368774 9°94637 984 
985 970225 955671625 |] . 31°384709 9:94974 985 
986 972196 958585256 31°400686 9°95311 986 
987 974169 961504803 81°416556 9'95647 987 
988 976144 96443027 2 31°432467 , 9°95988 988 
989 978121 967361669 31°448370 9 96319 989 
990 980100 97029900v $1°464265 9°96655 490 
991 982081 973242271 31°480152 9°96990 991 
992 9841064 | .976191488 81°496031 9°97826 992 
993 986049 979146667 | 81°511902 9°97661 | 993 
994 988036 982107784 $1:527765 | 997995. 994 
995 1 990025 985074875 81543620 9°98330 996 
996 992016 988047 936 31559467 9'98664 , 996 
997 994009 | .991026973 81°576306 | 0°98999 | 997 
998 996004 994011992 31°5911388 9°99832 ; 998 
999 998001 | . 997002999 31°606961 , 2°99666 999 

1000 1000 


1400000 | 1000000000 31°623776 10° 


Fhe 


Sitver, to Pugary aND.Repuce.—Silver, as used in the arte and 
coinage, is alloyed with a portion of copper. To purify it, dissalve 
the metal 10 nitric acid -slightly diluted, and add common salt, 
which throws down the whole of the silver in the form of chloride. 
To reduce it into a metallic state several methods are used: 1. 
The chloride must be repeatedly washed with distilled water, and 
|placed in a zine cup; a little diluted sulphuric acid being added, 
ithe chloride is soon reduced. The silyer when thoroughly washed 
is quite pure. In the absence of a zine. cup. a porcelain cup con- 
taining a zinc plate may be used, The process is expedited by 
warining the cup. 

2. Digest the washed chloride with pure copper and animonia. 
The quantity of ammonia need not be sufficient to dissolve the 
chloride. eave the mixture for a day, then wash the silver 
thoroughly. 

8. Boil the washed and moist chloride in solution of pure potash, 
adding a little sugar: when washed it is quite pure. . 


We pine Composrtton.—Mix borax with ;th of sal ammoniac, 
fuse the mixture, and pour it on an iron plate. When cold, pul- 
verise it, and mix it with an equal weight of quick lime, sprinkle it 
on iron, which is heated to redness, and replace it in the fire. It 
may be welded below the usual heat. 


——— 
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BLACKING RECIPES. | 


Liquid Blacking, for Boots and Shoes.—1. Ivory black, 8 oz; | 
molasses, 2 0z.; sweet oil, 40z Mix to form a paste. Add gradu- | 
ally 4 oz. of oil of vitriol, and then half a pint of vinegar, and 1%: 
pint of water, or sour beer. Some prefer mixing the of of vitriol | — 
with the sweet oil. | 

2. Ivory black, 2 lbs.; molasses,.2 Ibs.; sweet oil, 3 1b. Mix, and 
add 2 lb. oil of vitriol, and enough beer or vinegar to make up a 

alion, ' s, 
: 3. Ivory black, 3 lbs.; molasses, 4 Ibs. ; vinegar, 1 pint; oil of 
vitriol, 8 oz.; water, 1 gallon. , : 

4. Ivory black, 2 lbs; neat’s-foot oil, 40z Mix, and add 8 quarts 
of sour beer or vinegar, and a spoonful of any kind of spirits; stir 
till smooth, and add 2 oz of oil of vitriol, and sprinkle on it 4 
drachm of powdered resin. “Then boil together 3 pints of sour ale 
with a little logwood, and 3 oz of Prussian blue, 8 oz, of honey, 
and 8 oz. of molasses. Mix, but do not bottle it for two or three 
days. 

5. Ivory black, 8 oz; brown sugar, or molasses, 8 0z.; sweet oil, 
1 oz.; oil of vitriol, 3 oz; vinegar, two quarts Mix the oil with 
the molasses, then add the oil of vitriol and vinegar, and lastly the 
ivory black. 

Blackiny for Dress Boots.—1, Gum, 8 oz. ; molasses, 2 0z.; ink, 1 
pint ; vinegar, 2 0z.; spirit of wine, 2 oz Dissolve the gum and 
molasses in the ink and vinegar, strain, and add the spirit. 

2. To the above add 1 og of sweet oil, and 3 oz of lampblack. 
[These are applied with a sponge, and allowed to dry out of the 
dust. They will not bear the wet. 

3. Beat together the whites of 2 eggs, a table-epoonful of spirit 
of wine, a lump of sugar, and a little finely powdered ivory black 
to thieken. : 

Blacking, without Polishing.—Molasses, 4 oz. ; lampblack, $ oz; 
yeast, a table-spounful ; 2 eggs; a tea-spoonful of olive oil; a tea- 
spoonful of turpentine, Mix well. To be applied with a sponge, 
without brushing. . . . 

India Rubber Blacking.Ivory black, 60 Tbs. ; molasees, 45 ibs. ; 
vinegar (No. 24), 20 gallons; powdered gum, 1 Ib ; India rubber 
oil, 9 Ibs. (The latter is made by dissolving, bv heat, 18 oz of 
India rubber In 9 Iba. of rape oil,) Grind the whole smooth in a 
paint mill. Then add, by small quantities at a time, 12 Ibs. of oil 
of vitriol, stirring it strongly for half an hour a day for a fortnight. 

Paste Blacking.—1. Oil of vitriol, 2 parts; sweet oil, 1 part; 
molasses, 8 parts; ivory black, 4 parta Mix. 
| 2. This may be made with the ingredients of liquid blacking, 
using sufficient vinegar, in which a little gum has been dinsolvod 
\‘° form a paste, Make it into cakes, and dry it, 


i i cr ee 


‘ 
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| 8. (Bailey’s Blacking Balls.) Bruised gum tragacanth, 1 oz 
water, 4 02 Mix, and add 2 oz of neat’s-foot oil, 2 oz. of fine ivory 
black, 2 oz. of Prussian blue. Mix, and evaporate to a proper con. 
| sistence. : 
| Blacking for Harness.—}. Tsinglass or gelatine, ¢ 0z.; powdered 
. indigo, 3 0z ; soft soap, 4 oz; logwood, 4 0z; glue, 5 oz Boil 
‘together in 2 pinta of vinegar, till the glue is dissolved; then strain 
| through a cloth, and bottle for use. 
' 2. Melt 8 oz of -beeswax in an earthen pipkin, and stir into it 2 
oz of ivory black, 1 oz of Prussian blue ground in oil, 1 02. of oil 
‘of turpentine, and } oz of copal varnish. Make it into balls. To 
‘be applied with a brush, and polished with an old handkerchief. 
| 8. Molasses + 1b.; lampblack, 1 02; yeast, 1 spoonful; of sugar 
candy, olive oil,;gum tragacanth, and isinglass, 1 oz each; a cow’s 
gall. Mix all together with 2 pints of stule beer, and let it stand 
before the fire for an hour... : 
| Heet Balls.—1. Melt together 4 oz. of mutton suet, 1 oz of bees- 
| wax, 1 oz of sweet oil, 4 oz. oil of turpentine, and stir in 1 oz of 
| powdered gum arabic, and } oz. of ‘fine Jampblack. 
2. Beeswax, 8 oz; tallow, 1 oz; powdered gum, 1 0z.; lamp- 


‘black, gq. 8 - ' “ 

' Heel balls are used not merely by the shoemaker, but to copy 
' inscriptions, raised patterns, -&e., by rubbimg the ball on paper laid 
, over the article to be copied. 

| 


i Bracevtan’Penciis.—The easiest ‘way of producing, not onl 
‘blacklead, but all sorte of pencils, is by the following process, whic 
‘at once combines simplicity, cheapness, and the finest quality. 

| Take white or pipe-clay: put it into a tub of clean water, to soak 
‘for twelve hours, then agitate the whole, until it resembles milk, 
'let it rest two or three minutes, and pour off the supernatant 
milky liquor into a second vessel, allow it to settle, pour off the 
elear! and dry the residue on a filter. Then add blacklead, any 
| quantity.” Powder it, and calcine it at a white heat in a loosely 
covered crucible, cool, and carefully pulverize, then add prepared 
clay, prepared plumbago, equal parts. Water to mix. Make them 
into a paste, and put it into oiled moulds of the size required, dry 
‘very gradually, and apply ‘sufficient heat to give the required 
| degree of hardness; lastly, the pieces should be taken carefully 
| from the moulds, and placed in the grooves of the cedar. The more 
‘clay and heat employed: the harder thé crayon; less clay and heat 
of couree produees a contrary effect. The shade of black may also 
be varied in the same way. Each moald must be made of four 
pieces of wood, nicely fitted together. 


Btaok For Miniature Painters.—Take camphor, and set it on the 
fire, and collect the soot by means of a saucer or paper funnel 
inverted over it. aa 
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STRAIN AND STRESS OF MATERIALS. 


Let A B be a beam of timber, firmly fix- Fig. 1. 
ed in a wall at A, and a weight, W, mea- 
sured in | ounds. avoirdupois, acting at the 
extremity B, at right angles to. B. 

If A B beone foot, and the weight W be | 
one pound, then the strain produced at.A is 
called a watt of strain, — 

If the beam A B be (2) feet Jong, end' the 
weight be(W) pounda, then the weeits of 
strain produced at .4, by.the weight acting 
at B, willbe? W. And the wnéés of. sorain 
which the weight W produces at-any other part of the beam D, are 
measured by W. BD. a fA 
Let A B=10 feet, and the weight W be equal to 112 Ibs. and 
BD = 7 feet.: 2 

The units of strain at _A = 112 x 10 = 1120, 

The units of strain at D= 112 x Y=s 4784, 


The greatest strain on the beam is at_A, at which place the beam 
would break if it was equally strong throughout. 

If the weight W be uniformly distributed ae 
over the whole length of the beam .A B; as Y 
in fig. 2, the units of strain at A will be 
only one-half as great as that produced by 
the weight W acting as in fig..1. . 

The untis of strain at .A, which are pro- % 
duced by the beam itself, aze equal: to the WWJ 
weight of the beam multiplied by half its length. 

The beam 4 B, fig. 3, is equall 
strong between the points A and . Pp 
when the underside of it is a common 
parabola, 


Hence, from a square beam, one-third 


part of it may be cut off without di- § 
minishing its strength. 


Fig. 2 - 


If the weight W be uniformly distri. 
buted over the whole length of the 
beam A B, as in fig. 4; then the beam 
is equally strong when the underside of 
it is a straight line. In this case, one 
half the beam may be cut away without 


jiminishing its strength. 


—— ee = - eee: 
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Let the weight W (fig. 5) be sustained by a beam A B, whiet 
rests on two props at C and D. 


The pressure on the prop at Cis equal to W. BE: AB. 
| The pressure on the prop at D is equal to W. AE: AB. 
! The units of strain at Hare equalto W.4#. BH: AB. 
| The units of strain at G are equal toW.AE.BG: AB. 
| The units of strain at Fare equalto W.B L.A F: AB. 
The greatest strain, which is produced by the weight W, is at Z 


The units of strain at the middle of the beam, produced by the 


weight Wacting at J, are equal to a 


Let A B = 18 feet, and a weight of 112 Iba. be placed at E 
which is 8 feet from .A. 
Apply these numbers ta the above formule and their resulta. 


10 x 112 ‘ 
—_—_—_- = 2; 
7 62.5 Ibs. 


The pressure on the prop at C is equal to 


‘ 112 
The pressure on. the prop at D is equal to -— = 49.8 lbs. 
10 x 8 x 112 
8 = 497.77. 


os — 448. 


When the weight W is laid on'the middle of the beam A B, the 


units of strain on the middle are equal to hide od 


The uniés of strain at # are equal to 


The untts of strain on the middle are equal to 


| If the weight W be uniformly distributed along the beam A B 


i the units of strain on the middle of it will be equal to ween 


which i is only one half the strain that is produced by the weight 
having been laid on the middle, 


x 
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When the beam 4 B (fig. 6), supports a weight W, at £, it is 
ay! strong between the points A and B, if the upper sides, 
A E, B E, be two parabolas whose vertex is A and B respectively. 

Fig. 7. 
a: 


aa ae ea 


Let the weight W have a bearing £ F (fig. 7), equal on both sides 
of the centre G, and also let the weight be equally distributed on ' 


he bearing E F- 
The units of strain at G are equal to - — rst 
Now, if the weight W were a sphere, and were laid on the mid- 
lle of the beam at G, the untts of strain at G would be equal to 
ieee | 
é | 
If the same bh a be formed into a cube, whose side is FF’ the 
tnits of strain at the centre G will be less than in the case of the 
W.EF 
iphere b oan ak 
Let A B be any beam suspended vertically from the . 
voint A (fig. 8): and let the sectional area be constant 
rom A to B, where a weight W lbs is acting to 
xtend the beam. 


Put a = area of the section of the beam in square 
inches. 
¢ = length of the beam in feet before the 
weight is applied to elongate it. 
e = the elongation produced by the weight W. 
E = weight which would be necessary to make 
‘equal to 2. The quantity Z# is called the modulus 
if elasticity of the material of which the beam is composed. 
In the case of the beam being compressed by the weight W act- 
ng in the opposite direction, 
Put ¢ = compression produced by the weight W. 
C = force which is necessary to make c equal to half of (J). 


The quantity C is called the modulus of elasticity of , 
the material, when it is subject to compression. 
E= LP C= i! 


ae ac 


Units of work done to elongate the beam e feet = =, 
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Units of work done to eompress the beam ¢ feet = * 


Mean results of experiments on four different kinds of Cast-iron bars, 
10 feet long and | square inch in section. 


Weight laid on bar 


per ggg hs inch Extension otter in Set of bar in inches. 


The value of ad ‘ 


Ibs. inches, | 
1054 -009 aoiges 117085 
1581 .0187 .00023 115181 
2108 .0186 .00055 118808 
3161 .0287 .00107 110150 
4215 .0891 .00175 107802 
5269 -0500 .00265 1053877 
6323 .0613 .00372 103142 
7376 0784 00517 100496 
8430 0859 .00664 98139 
9484 0995 00844 953816 
10538 -1186 01062 92762 
11591 1288 01306 90347 
12645 1448 -01609 87329 
13700 - 1668 .02097 i 821388 
14798 1859 .02410 79576 


Hence, the breaking weight per square inch of section is 1479 
Tbs. = 6.6 tons peony and the ultimate extension is .1859 inches 
or ,}, of the whole length, 10 feet. 


If we deduct the set °0209 from 1859, we shall have ‘165 inches 
' for the elongation produced by the weight 14793 Iba. 
14798 x 10 x 12 
- 165 

.. Breaking weight = 6.6 tons x area of section in square inches. 

If the weight 5269 be taken, the modulus of elasticity will be 
considerably increased. Deduct .00175 the set from .05, ne 
.04826 inches for the elongation due to the weight 5269 Iba 

5269 x 10 x 12 
i= ity = ———_____—— = 18104249. 
E = modulus of elasticity “4895 310 

This difference in the modulus of elasticity arises from the cir- 
eumstance of the law of elasticity not being proportional to the, 
weight. 


— 10758545, 


.. H = modulus of elasticity = 
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TABLE 
Of the Tensile Strength of Wrought Iron. 


‘The Bar was 10 feet ong and | square inch section. 


Weight laid on the |Extension of the Bar| eal a = 

Bar W, or value of 12 6. Set of Bar. err 

Ibs. inches. inches. 

1262 *00520 ; 242665 

8785 01690 -0005 223998 

6809 *02772 ‘ "0005 227.608 

88338 - *03790 - *0005 ; 233061 
11856 °04854 =. ; °0005 233966 
18880 *05950 *0007 233285 
16404 *06980 *0007 235016 
18928 °08170 *00180 231675 
21452 °09310 *00270 280415 
23975 *10570 00410 226824 
26499 * 12040 -*09680 220092 
29023 *14500 **Q0120 200157 
80284 *19910 ie 0120 Goch : 

: ie after bearing the 
23660 1082 weight 17 oat 

81546 °24200 °1088 180357 
ditto *24490 . 111 after five minutes 
35832 2°04 1°874 17320 


The bar broke with a weight of 24 tons per square inch of 
section. Hence the tensile force of wrought iron is nearly four 
times as great as the tensile force of cast iron. 


TABLE 


Of the Compressive Strength of Wrought Iron. 
w The Bar se feet long ant 1 ie Miia: foray 


Weight laid on the [Decrement of length,{Weight leid on the [Decrement of length, or 


Bar, or (W). or the value of 12 ¢. bar, or a the value of 12¢. 
Ibs. inches. ' ibs. inehes, 
5098 | °028 23018 °119 
9578 - $052 - 25258 °130 © 

14058 "073 - 27498 _ 142 
16298 _ + °Q85 29738 na °154 
18538 *096 ' $1978 °174 


20778 107 84218 °214 
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The crushing force of wrought iron is 12 tons per equare inch. 
It is a curious fact, that cast ‘iron is decreased in length nearly 
double what wrought iron is, by the same weight; but the 
wrought iron bar will sink to any degree with little more than 12 
tous per square inch, whilst cast iron will bear 43°56 tons to 
produce the same effect. 

A wrought bar will bear a compression of y}y of its length, 
without its utility being destroyed. 

Conipression of Cast Iron. 


Medn results of experiments vn fuur different kinds of Cast Iron, 10 feet long, and 1 
square inch in section. 


Weight laid on the {Decrement of length, o_o of 
bar (W). or the value of 12 c. | Set of bar in inches. tas 
Ibs. inches. inches. 
2065 *01875 *00047 110119 
4129 *08878 *00226 106485 
6194 05978 00400 103617 
8259 ‘O7879 *00645 104822 
10824 °09944 *00847 108819 
12388 * 12030 *010875 102980 
144538 °14168 *01405 102049 
16518 *16338 °01712 101101 
185838 *18508 °02051 100420 
20464 * 20624 °02484 100114 
24777 * 24961 *038220 99263 
28906 * 29699 *04300 97331 
88031 85341 06096 98468 


The crushing or compreasive force of cast iron per square inch is 
143°56 tons, which has been obtained from eleven kinds of cast iron. 
But the tensile force of cast iron is 6°6 tons; therefore the compres- 
sive force is equal to the square of the tensile force, or (6'6)*. 


Transverse Strength of Beams. 

A K B To find the neutral line, forces of 
b extension, forces of compression, mo- 
ments of extension, and moments of 
compression of a beam subject to 
transverse flexure 


Let the form of the section of the 
beam be that of the figure A BD £, 


SSSSSSIV 


SS 


WS 


Z| where BC, HE, represent sections of 
Y the top and bottom ribe, /'G that of 


the vertical one connecting them, and 


| YC 
| N O pass through the neutral line. 
| Put a, a = NI, NK, respectively. © 


——w 
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cc = DH, AG, pa peak 
6, b' = D E A B, 
B = the thickness of the vertical rib. 
jf’ = tensile and compressive forces of the material, ‘in a square 
inch of section, as exerted at a distance (a) on opposite sides of the 
neutral line. 
For the determination of the neutral line 


f | ba*— (08) (a bas'{ va (v8) (a'—e) | 


And a + a’ = D, where D is the whole de rth of the beam. 
For moderate strains per square inch f = 
.*. ba®—(6—8) (a—e)’=b' (D—a)*—{b Ma) (D—a—c'f 


Moments of extension = = ce -4 ba’— (6—6) (a—y't 


Moments of compression = £ | b' a'*—+-(b'—£) (a' —<')* a 


If W be the weight laid on ae middle, and 2 equal ae 
between supports, 


aa eo 5 {it +¥a%— (<8) (or 0 (ee 


oak. If the form of the section: be this, 
Then ‘bt’ = B 
Therefore, for the neutral line 
' bal—(b— 8)(a—e? = = B(D—ay)* 


Moment of extension 
ae a Z} ba*— (b—8) (a— 
| | : 
D I = Moment of compression = Ae 
Wi 


And 


= Ff ba + pa*—(b— 8) (a—e} 


If the form of the section be this, 
, Then 6=8 
Therefore, for the neutral line . 


8 a = 8 (D —a) —(b! — 8)(D—a—e) 


Moment of extension — 
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Moment of compression 


= e B a*— (8 — 8) (a —c') t 


And —— = Ff laa+ b! a'*— (b' — 8) (a —e')? t 


If the form of the section be this, 
Then, }=8 and ' =8 
Therefore, for the neutral line 
2a=—D 

or the neutral line is in the middle of the section. 
: SBD 
Moment of extension = ~ 13 
fe Db 

12 


Moment of compression = 


: 3 
Wiz i= 


e 


Transverse Strength of Cast-Iron Bars. 


ate Mean of 


Breaking " “Bitim 
Length of Bar between supports, with its | weight laid | deflexion in experi- 
dimensions. on middle. inches. ments. 
, Ibs. 

4} feet, with 1 inch square 440 1-779 3 

9 feet, with 2 inches square | 1888 3°00385 6 

134 feet, with 3 inches square | 2861 4°667 5 

6% feet, with 8 inches equare| 6117 {| ~ 1°2916 | 3 


From the three last experiments we find =f = 1490. 


6 D* 
d 


For a cast-iron beam, where W is the breaking weight in Iba, 2 
is the breadth of the beam measured .in inches, D the depth of the 
beam measured in inches, and Z the length of beam between sup- 
ports measured in feet. 


.. W= 1490 x 


ae 
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The best dimensions of a beam, whose 
section is given in the figure, are when the 
bottom flange contains six times as much 
area as the top flange. And the breaking 
weight of such beams may be found by the 
following admirable rule: 

Multiply the sectional area of the bottom 
flange in square inches, by the depth of the 
beanl in inches, and divide the product by the distance between 
the supports, measured in feet, then 2°14 times the quotient will 
give the breaking weight in tons. 

A cast-iron bar is not weakened by passing half the breaking 
weight over it 96,000 times, with a velocity of 81 feet per minute. 


EE 


Deflection of Beams. 

Let the beam be supported at A and B, and weight W applied 
at the middle C. 

WP 
456 D* 
E = the modulus of elasticity 

of the material. 

8 = breadth of beam in in. 
D = depth of beam in inches. 
Z = length of beam in inches. 


~ DO= 


c Let the beam be supported at A, 
and a weight W applied at the other 


B extremity. 
4WwPe 
ee B C — EB D* 


Rule for finding the ultimate de- 
flexion of a cast-iron beam: 


Ww 


Ultimate deflexion D C in inches = i ‘ for first figure. 


Ultimate deflexion B C in inches = ae for second figure, 


where / is measured in feet and D in inches. 

These values for the ultimate deflexion are independent of the 
breadth of the beam. 

Find the ultimate defiexion of a cast-iron bar, the distance 
between the supports being 24 feet, and depth 4} inches, 
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; ‘ 3 F 3 x 24° cave 

Ultimate deflexion = DP hxa 9°6 inches. 

If the weight Wbe uniformly distributed along the beam, 
deflexion will be in all cases § of the deflexion which is produ 
by the weight acting on the middle, or in the case of having o 
one support, acting at the extremity. 


Transverse Flecure of a Wrought-Iron Bar by Pressure acting 
Horizontally. 


Length of bar 14 feet 74 inches, depth of bar in direction 
pressure 1°515 inches, breadth 5523 inches, distance betw: 
supports 13 feet 6 inches. The experiment was continued to 
limit of perfect elasticity, or to that. point at which the elastic 
was sensibly injured. 


er gf | org EM 


Weight applied, acting Deflexions after Sete after five Ratio of weights tc 
horizon ; five minutes. minutes. detiexions. 

Ibs inches. inches. 

28 051 90 549 

56 -112 aay | ‘500 
112 232 0 483: 
168 344 001 488 
224 458 "002 489 
280 . 571 003 490 
336 684 008 491 
392 -800 004 490| , 
448 -916 006 489 | & 
504 1°005 007 501 | ~ 
560 1°124 -008 49s) & 
616 1°222 “010 604) 
672 1°3382 011 504 | 
728 1°434 017 508 
784 1°547 © "019 ~ 607 
840 1°693 019 496 
896 1:823 “019 492 
952 1-933 -020 493 
1008 9°044 -021 ° 493 


1064 2°165 *022 491 


214 Strain anp Stress or MATERIALS, 


To find the weight which a wrought-iron beam is capable of 
bearing without injuring its elasticity. 
3 6D? 
W= ase lbs. = —e tons, nearly. 
8 and D are measured in inches, and / in feet, being the distance 
between the supports. 


What is the weight that can be laid on a wrought-iron bar, 20 
feet long, 8 inches broad, and 6 inches deep, without injuring its 
elasticity f 


3 x 36 1086 
The deflexion of a wrought-iron beam, supported at each end, 
and loaded in the middle, when the elastic limit is obtained. , 
2? 
Deflexion in inches = 0167 x D: | 
The length, /, is measured in feet, and D, the depth, in inches. 
Taking the bar given in the last example, 


Deflexion == 0167 x il = 1°11 inches 


b> 
wd 


Hollow Rectangular Beams. 


Let ABCD be thé section of a hollow ree 
tangular beam. . 


Let 4d D= D, andad=d 


Ey 


y 
j 
y 
i 
lf 


AB=8, andab= 6 
wie 2 + 
Wl=—5 | BD oat 


where W is the weight applied at the middle 
between the supports, and / is a constant depend- 
ing on the nature of the material. 


Fru ror Ercmixe on Coprre.—Verdigris 4 parte; salt 4; sal. 


lammoniac 4; alum 1; water 16; strong vinegar 12. Dissolve with| 
heat, 


ee 


Actp ror Ercatne on Street.—Pyroligneous acid 5 parts; alcohol 


1; nitric acid 1. Mix the first two, then add the nitric acid. | 
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TABLE 


‘Of Experiments on the Transverse Strength of Rectangular Tubes of 
Wrought-lron, supported at each end, ead ihe weight laid on the 


Breaking | 
Weight of tubes | weights, exclu- |External |External 
Distance between between the eup- sfve ofthe {depth of | breadth Thickness of 


the supports. ports. weights of the Fi ae ue penned 
Feet. Tens. Inches. | Inches. Inches. 
30°0 =|: 42-62 ewt. 57-5 24 | 16 | *525 
y i) 42°36 lbe. 4°454 6 4 | +1325 
80°0 23°09 ewt. 22°84 24 16 “272 
7-5 35°53 Ibs. 1°409 6 4 065 
3°75 9°65 “ 1°1 $ 2 °061 
3°75 4°34 “ “8 3 2 “08 
45°0 180°86 cwt. 114°76 36 24 “75 
3°75 9°65 lbs. 1°1 8 2 °061 
30°0 39 cwt. 54°3 24 16 °50 


| In several of these experiments the tubes gave way by the metal 
.at the top becoming wrinkled. 

In similar tubes the strength, and consequently the breaking 
weight, is proportional to (1:9) power of the lineal dimensions. 


From these experiments the breaking weight may be obtained as 
follows: 


_ 8 
~ 4lD 
The breadths and depths are measured in inches, and the length 
in feet. 
If the thickness of the metal be equal to ¢ inches completely 
round the section, 


Ww |} Bsa lin tons 


— 3 3 3 
Then, W= 757 | BD (B—2)(D— 20) 
the breaking weight in tons for a wrought-iron tube, 
whose form of section is . . 


What is the breaking weight of a rectangular tube 40 
feet long, depth 2 feet 6 inches, thickness of plate 3 inch, 
and breadth 18 inches? 
_ 8 
~ 4800 


AL MUEA 


Ww 


} 18 x 80°— 17-5 x 29:5" t 
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1 


=i { 486000 — 449267 t — 22°96 tons. 


From a great number of well arranged experiments, on thestrength 
of iron beams and tubes, it follows that they may be safely reduced 
in strength from the middle towards the extremities in the ratio 
indicated by theory. 


D c a 


ee: 


Let AB be a beam supported at its extremities EF and F, and 
put F equal to the necessary strength at the middle of the beam. 
A?— CD 
AC 
The tensile force of wrought iron is to its compressive force as 2 
to l : 


Hence, the plate on the upper side of hollow wrought-iron tubes 
should contain an area twice as great as the plate on the under 
side. ; 


Then, the necessary strength at D= F x 


Strength of Cast-Iron Pillars, 
The breaking weight of solid cylindrical cast-iron pillars. 
In solid pillars, with their ends rounded, and moveable, 


3s 
Breaking weight in tons = 14°9 x AP GQ) 


In solid pillars, with their ends flat, and incapable of motion, 
Breaking weight in tons = 44°16 x 7 a cae “we 2)* 
where / is the length of pillar in feet, and d the diameter in inches. 
In hollow pillars of cast-iron, where D, d are the external, internal 
diameters, and / the length: both ends of the pillar were moveable. 


96 73-6 
Breaking weight in tons = 18 x aon ol 
In hollow cast-iron beams, whose ends were flat and firmly fixed, 
36__ 36 
Breaking weight in tons = 44°§ = 


Of three cylindrical pillars of steel, wrought and cast iron, and 
wood, all of the same jJength and diameter, the first having its ends 


* Formula (1) was obtained from the mean result of eighteen pillars, varying in length 
from 121 times the diameter down to 15 times. The formula (2) was derived from 
pillars, with flat ends, varying in length from 78 to 28 timés ine diameter, = 
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rounded, the second with one end round and the other end flat, anc 
the third with both ends flat, the strengths are as 1, 2, and 3. 

These formula and results were obtained from experiments or 
pillars, varying in length from 121 times the diameter down to lf 
times. 


Effects of Temperature upon the Strength of Cast-Iron. 
The strength of cast-iron is not reduced when its temperature is 
raised to 600°, which is nearly that of melting lead ; and it does nof 


differ very widely whatever the temperature may be, provided the 
bar be not heated so as to be red hot. : 


. EXAMPLE, . 
Find the strength of a hollow oylindrical cast-iron pillar, 14 feet 
long, 6°2 inches external diameter, and 4:1 inches internal; the pil- 
lar being flat and well.supported at the ends. 


14'7 = 88801: 6:29 —712°22 and 4:1°* — 1607 
6. a6 
.. Breaking weight m tons = 44'3 x sae 
712-22 — 1607 
= 8 SO ee 80l 
= 275 


Comparative Strength of Long Pillave. 
If the strength of cast-iron pillars be 1000, then wrought-iron 
will be 1745, cast-steel 2518, Dantzic oak 108°8, and red deal 78°5. 


The strength of similar pillays is as the square of their linear 
dimensions. 


Resistance to Torsion. 


Let 2= length of prism from the fixed end-to the point of appli- 
eation of the lever used to twist it. 
r = radius of prism, if round. 
b, d= breadth and thickness, if rectangular. 
W= the weight acting by means of the lever to twist the 
prism. 
I = length of the lever to which the weight W is applied. 
6 = angle of torsion. 
A = resistance to torsion at the time of fracture. 
C = constant for each species of body. 
m= 3°14159, de.. 
For a cylinder, © 
2L1UW=Crbeand2 WLorRre. 
For a square, an 
_ 6LIW=Cbdand6WL= y2Rad& 
For a rectangle, —. . 
BLIW(8+d)=— Coed ands WL yh+a=RESG 


_ tee 


ee ere eee ee 


————— 
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| The Ultimate Resistance of: « Cast-iron’ Beam to Torsion: 
In a cylinder, WL = 51055 r*. 
In a square prism, WL = 7660 d*. ; 
. 2 
In a rectangular prism, W L = 10884 a Wee 
; ar Jf 6* + a4, : 
All the dimensions are taken in inches. 
| Strength of Ropes: - - 
The cohesion of hempen fibres is 6400 Ibs, for every square inch 
of section. _ 


Breaking weight in Pace pdt Varah ie asada a 

the circumference being measured.in inches. 7 

Ex —Find the breaking weight of a rope @ inches-in circum- 
ference. : , 

. , . a 36 ; ; : $e a 
Breaking weight = == 9 tons. 
For a common cable, 
circumference squared 
5 

These are practical rules .and easy of application. 


Breaking weight in tons = 


PROCESSES FOR STAINING WOODS. 


Mahogany Color (Dark).—Boil } lb. of madder and 2 oz of log- 
wood in a galJon of water; then brush the wood well over with 
the hot liquid. When dry, go over the whole with a solution of 2 
drachms of pearlash in a quart of water. 

Mahogany Color (Light)—Brush over the surface with diluted 
nitrous A and when dry apply the following, with a soft brush: : 
Dragon’s blood, 4 oz; common soda, 1 02; spirit of wine, 8 pints. , 
Let it stand in a warm place, shake it frequently, and then strain. | 
Repeat the application until the proper color is obtained. | 

o Stain Maple a Mahogany Color.—Dragon’s blood, $ oz ; 
alkanet, 3 oz; aloes, 1 dr.; spirit of wine, 16 0z. Apply it with a, 
sponge or brush. 

Rozewood.—Boil 8 oz. of logwood in 3 pints of water until re- 
duced to half; apply it, boiling hot, two or three times, letting it dry 
between each. Afterwards put in the streaks, with a camel’s hair : 
ak dipped in a solution of copperas and verdigris in a decoction 
of logw 
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: Kéony.~-Wash the wood repeatedly with a solution of sulphat 
of iron ; let it dry, then apply a hot decoction of leogwoad and nut 
galls for two or three times. When dry, “a it with a wet sponge 
an when dry again, polish with Jinseed oi 

R-d.—1. Take a pound of Brazil wood and mix it with a gallo 
of stale urine. Pour over the wood while boiling hot. -Before i 
dries it should be laid over with alum water. 2. A fine red may als 
be obtained by a solution of dragon's blood in spirits of wine. 

FYellow.—Nitrie acid, lightly diluted, will produce a fine yellov 
on wood. Sometimes, if the wood ia uot in proper condition, it wil 
create a brown. Care must be taken that the acid used be not to 
strong, or it will render the wood nearly black. 

Blue.—Take of alum 4 parts; water 8&5 parte. Boil. 

Purple.—To produce this color, take of logwood 11 parts; alun 
3 parts; water 29 parts. Boil. 

Mahogany.—1. Linseed oil 2 pounds; alkanet 8 ounces. Hea 
them together and macerate fur six hours, then add resin 2 ounces 

‘beeswax 2 ounces. Boiled oil may be advantageously used insteac 
of the linseed oil. | 

2. Brazil-wood (ground); water sufficient ; add a little alum an 
potash. Boil. 

8. Logwood 1 part; water8 parts. Make a.decoction, and apph 
it to the wood; when dry, ore it two or three coata ef the follow 

jing varnish: dragon’s blood 1 part; spirits of wine 20 parte. Mix 

To take Stains out of ee of salts 6 ;:arts; sal 
of lemons 1 part. Mix, then drop a little on the stains, and rul 
them natil they disappear. 

To Stain Musical Instruments.—Crimson: Boil one pound: o 
ground Brazil we od in three quarts of water for an hour; strain it 
and add half an ounce of cochineal; boil it again for half an how 
gently, and it will be fit for use. 

Purple: Boil a pound of chip logwood in three quarts of wate! 
for an hour; then add four ounces of alum. 
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LOGARITHMS. 


Logarithms literally signify ratios of numbers ; hence Logarithmic 
Tables may be various, but those in common use for the facilitating 
of arithmetical operations generally are of the following corres- 
ponding progressions, viz. :— 


Arithmetical, 0, 1, 2 3, d&c., or series of logarithms. 
Geome . §. 30, 100, 1000, &e., or ratio of numbers. 


And thus it may be peresived, that if the log of 10 be 1, the 
log. of any number less than 10 must consist wholly of decimals, 
because inureasing- by a decimal ratio. Again ; if the leg. of 100 


a ee ey 
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be 2, the hog. of any intermediate number between 10 and is 
must be 1, with so many decimals annexed; and in like manner, 
the log. of any intermediate number between 100 and 10U0, must 
be 2, with decimals annexed proportionally, as before. 


Application and Utility of Common Logarithmic Tables. | 
I 


The whvule numbers of the series of logarithms, as 1, 2, 3, &c., 
are called the indices, or characteristics of the logarithm, and which | 
must be added to the logarithm obtained by the table, in propor- 
tion to the number of figures contained in the given sum. Thus! 

suppose the logarithm be required for a sum of only two figures, 
the index is 1; if of three figures, the index is 2; and if of four | 
figures, the index is 8, &e.; being always a number less by unity 
than the number of figures the given sum contains, 


EXAMPLES. | 
The index of 8 is 0, because it is less than 10. 
The index of 80 is 1, because it is less than 100. 
The index of 800 is 2, because it is less than 1600. 
The index of 8000 is 8, because it is Jess than 10,000, &c. 


The index of a decimal is always the number which denotes the 
significant figure from the decimal point, and is marked with the 
sign, thus, —, to distinguish. it from a whole number 


EXAMPLES. 
The index of ‘82549 is—1, because the first significant figure is 
the first decimal. 
The index of..:082549 is — 2, because the first significant figure is 
the second decimal. ° 
The index of ‘0032549 is— 3, because -the first significant figure 
is the third decimal, &c., of any other sum. 


If the given sum for which the logarithm is required contains or 
consists of both integers and decimals, the index is determined by 
the integer part, without having any regard to the other. 


1. To find the logarithm of any whole number under 100. 


Look for the number uiider Nin the first page of any Logarithmic 
Table; then immediately on the right of it is the logarithm 
required, with its proper index. Thus the Jog, of 64 is 1:806180, 
and the log. of 72 is 1:857382. , : 


2 To find the logarithm of any number between 100 and 1000, or 


any sum wl exceeding 4 figures. 


Find the first three figures in the left-hand column of the page 
under N, in which the number is situated, and the fourth figure, at: 
‘the top or bottom of the page; then the logarithm directly under| 
the fourth figure. and in a line with the three figures in the column 
on the left, with its proper index, is the legarithm required. Th 
the log. of 450 is 2 658218, and the lag. of 7464 is 3°872972. Or, 
the lag. of 378-5 is 2578066, and that of *78§4 is— 1°895091. 


LocarrraMs, b v4 | 


8. Tb find the number indicated by a given logarithn. | 
Look for the decimal part of the given logarithm in the different ' 
columns, and if it cannot befound exactly, take the next Jess. Then: 
under N in the left-hand column, and in a line with the logarithm 
. found, are three figures of the number required, and on the top of 
the column in which the found logarithm stands is one figure more ; 
place the decimal point as indicated by the logarithmic index, ; 
which determines the sum, properly valued, as required. 
If the logarithm cannot fe ound exactly in the tables, subtract’ 
from it the next less that can be found, and divide the remainder by | 
the tabular difference ; the quotient will be the reat of the figures| 
of the given number, which, being annexed to the tabular number 
already found, is the proper number required. 


Ex. Required, the number answering to the logarithm 3°288568. 
Given logarithm . . . . = 3-238568 
Next less is the log. of 1712= 3°283504 


Remainder . .. . 64 
: 64 
Tab. Diff. = 258 —— = 2° 
, and a68 2°5 
Hence the number required = 1712°26. 


For practical purposes in mechanics, logarithms are seldom 
resorted to, unless for the raising of the powers of numbers or 
extraction of their roots. These operations, when tables are at 
| hand, they very much facilitate ; involution or the raising of powers, 
'being performed simply by multiplication, and evolution, or the 
. extraction of roots, by division, as m simple arithmetic. 


Ex. 1. Required, the square or second power of 25-791. 
Log. of 25°791 = 1°411468 


Multiplied by 2 the power required. 
Logarithm 2°822986 indicated number or square required 
= 665175. 
Ez. 2. What is the cube of 30°7146? 
Logarithm = 1°487845 
Multiplied by 8 the power required. 
Logarithm 4:462035 indicated number or cube required 
== 28975°7. 
Ez. 8. Required, the square root of 365. 
Log. = = 1°281146 indicated number or root = 19:105. 


10% 
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Ex. 4. Find the eube root of 12345. 


Log. = aie = 1368830 indicated number or root = 23°116. 


For Taste or Locanrrums, see p. 483. | 


Enoravine IN Atto-RELIEvo.—In the common operation of engra- 
ving, the desired effect is produced by making incisions upon the 
copper-plate with a steel instrument of an angular shape, which 
incisions are filled with priuting-ink, and transferred to the paper 
by means of a roller, which is passed over its surface. There is 
another mode of producing these Jines or incisions, by means of 
diluted nitrous acid, in which the impression is taken in the same 
way. Another method of engraving is done upon a principle 
exactly the reverse, for instead of the subject being cut into the 
copper, it is the interstice between the lines which is retnoved b 
diluted aquafortis, and the lines are left as the surface, from whic 
the impression is taken by means of a common type-printing press, 
instead of a copper-plate press. 

This is effected by drawing with common turpentine varnish, | 
covered with lampblack, whatever is required upon the plate; and 
when the varnish is thoroughly dry, the acid is poured upon it, and 
the interstice of course removed by its action upon the uncovered 

art of the copper. If the subject is very full of dark shadows, 
this operation will be performed with little nsk of accident, and 
with the removal of very little of the interstice between the lines; 
but if the distance between the lines is great, the risk and difficulty 
is very much increased, and it will be requisite to cut away the 
parts which surround the lines with a graver, in order to prevent 
the dabber with the printing-ink from reaching the bottom, and 
thus producing a blurred impression. It is obvious, therefore, that 
the more the plate is covered with work, the lesa risk there will be 
in the preparation of it with the acid, after the subject is drawn, 
and the less trouble will there be in removing the interstice, if any, 
from those places where there is little shading. 


| 


Grass, Sotustr.—Mix ten parts of carbonate of potash, fifteen of 
quartz (or of sand free from iron of alumina), and one part of char- 
zoal. Fuse together. The mass is soluble in four or five parts of 
water; and the filtered solution evaporated to dryness yields a 
transparent glass, permanent in the air. 
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QAPILLARY ATTRACTION. 


Ifa number of glass tubes, open at both ends, be immersed, the 
water will rise to the same height in each tube, so long az the 
diameter of the tube. exceeds the fifteenth of an inch; in all tubes 
less than this, the water will rise higher in the tube whose diameter 
is the least. Such tubes, whose diametess are less than one fifteenth 
of an inch, are called capillary tubes, from the Latin word capsilus, 
signifying a hair. 


wer eee 


Phenomena of Capillary Attraction. 


Let PQ FS be a vessel containing water to the line PS The 
water will rise im the 
eapillary tubes ABC to 
the heights mo, which 
are inversely proportional 
to their diameter. lf B be 
broken at a, the water 
will not rise to the top of 
it, but will stand at & a 
little below the top, what- 

_@ ever be the length or 

diameter of the tube. And, if the tube be taken out of the water 

and leid horizontally, the water will recede from the end that was 
ho mersed. at 

If a tube D be composed of two different bores, the water will 

rise to the height p; and if anether tube, E, of the eame form and 

size, be immersed, with its smaller end dowhwarda, the water will 

rise in it to the same height p. 

If the vessel F vw be plunged mto water, and by exhaustion the 

water is raised to the capillary tube F’'tw, it will atterwards ascend 

to the height r, which is just the same as in a capillary tube G of: 
the sanie bore as Ft u, and length P'z. © 

In tubes of the same matter, immersed in the same fluid, the 

product of the elevations by the diameter 1s a constant | Sea 
In a glass tube, cea in water, this eonstant has been found 

by Musehenbrock, 039; by Weitbrecht, 0428; by Monge, 042; 

by Atwood 053. 

From these numbers, the diameter of a tube may be found, tn 

which the water will rise, by capillary attraction, the height 7 

inehes, 


aa a tt tr ee a a a aE a 


Diameter = = = ‘0056 inches, nearly. 


The constant quantity, here referred to, is ealled the modulus of! 
eapillary attraction. 


The following moduli are from Brewster; they were obtamed | 
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| with fone ef -0561 of an inch diameter, by means of an 
improved apparatus< 


tcl ln bad ate eeetee cohen eee Sin er ey a P rentsbentiin encase er 


| af cald water, theugh the water in both eases moved through the 


| 
Name of Fluid. Medulus. Name of Flaid. | Modulus. 
; 
{ 


seedy. - . 2. °O195 | 


Water, . - . . - | °0827 |; Oil ofhhysaopn, . . . | °0195 — 
Very hot water, . . { "0808 |] Gil of rosemary, . ~ | “0193 | 
Muriatie aeid, . . . 4'°0248 j) Oil of bergamot, . . | °0192 | 
Oil of bexwood, . . | 70240 4 Oil of amber, . . .] °O192 | 
Oil of cassia, - « | 20286 || Oil of anise seeds. . | °0192 | 
Nitrous acid, . . - { *0282 || Oil of Barbadoestar, {| 0191 | 
Dil of rapeseed, -. . } 70227 }/ Laudanum,. . . .] °0191 | 
Castor oi], .°. . «+ 70226 3 Oilof cloves . . . | °0187 | 
Nitrie acid, . . . . § °@328 || Oil ofturpenting . . | °0187 
Oil of spermrceti,. . § °0220 3] Oil of lemon, . =. . | °Ol8T . 
Oil of almouds,. . . | 70217 |! Osl of lavender, . . | *O184 © 
Oil of olives, -. . . | -@246 j' Oil of camomile, . . | +0184 
Balsam of Perw, . . | °0@212 |} Oil of peppermint, . | -O184 
Muriate of antimony, { *0208 4} Oil of sagsafras, - | 70184 
Oil ef rhodium, . .:{ 70205 Highland whisky,. . | -O184 
Oil of pimente, . . | °0208 4 Mrandy, . . . . . | °0188 
Gajeput oil, . . . . | 0200 ¥ Olof wormwood,., . | O183 | 
Balsam of eaptvi, . . | -6200 |} Oil of dill seed,. . . | -0182 | 
Oil of thyme, . . . | °0199 }| Oil of ambergria, . . | -0181 | 
Dilef bricks distilled} | 4195 Vil of juniper, . . . | 0180 | 
from sperinaceti o |, 2 OH of nutmeg,, . . { 0180 | 
| Gil of caraway seeds, | -0198 || Aleohol, . 2. 2. . 1) 70178 
| Oilofrus, . . . . 1 °@198 | Gilefaaving . 2. {| “OITA | 
Oil of spearmint, . . | °O107 4 te 2 ow ew ew | 70160 | 
Balsam of sulplrar, (90196 1 Oslef wing. . . - | 70153 | 
Oil of sweet feanel Sulphuric acid. . - | 0112 ! 
| 


These experiments were made with a tube, earefully cleaned and 
dried after each experiment A dry tibe will raise the water to a 
less height than a wet one. 

When capillary tubes are plunged into mercury, it falle instead 


of rising. as is the ease with other fiuids; and ‘ts fall is such, that 
| whea itis multiplied by the diameter of the tube, the product is a 
|eoustant quantity 015 {Cavendish). 


Whea water is made te pass through « eapillary tobe of such a: 


| bore that the fluid is diseharged only by euccessive drops, the tube, 
4 when electrified, will furnish a constant and aceclersted stream; 
jand the acceleration is proepertional to the emaliness'of the bore. 


A jet ef warta water will rise to a much greater height than a jet 


-— oe 


ad a. Woops. - 


ame aperture, and was influenced by the.same pressure. A syphon 

which discharges cold water only by drops, will furnish warm 

vater in an uninterrupted stream. 
Let CEE B, A DEB, be two plates of glass, having their sides 

EB joined together with wax, and 

their surfaces smooth and clean; and 

also their sides, A D, CF, separated 
slightly so as te form the angle ARC. 
- If this apparatus be plunged in a 
vessel, so that JH@ represent the 
water's surface, then the water will 

Tise between the plates of glass, by 

capillary attraction, to the height 

IEG, so that the boundary of the 

water on the planes FEBC, DEBA, 

will be the hyperbolas G Eand/E, 

having for: their a raring the sur 

faco:of the fluid and the line £'H. 
The height, » m, to which the water 

Will rise, is: regulated entirely by the 

same laws which prevail in the case 

of the tubes; calling the distance, wo, 
between the plates the diameter of 
the tube. 
Hence the height, = #, is equal to 
- the height in a tube whose diameter 
is equal to 2 ©; and ee on for any other point. 

All phenomena of eapillary attraction are exhibited equally both 
in air and in vacuo, and they are entirely independent of the thick- 
ness of the materia] composing the tubes and plates. 

The elevation and depression is not proportional to the density 
: ha liguid; water stands much higher in a glass tube than 

cohe. Sok 
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How te Polish Wood. 

Take a piece of pumice-stone and water, and pass repeatedly 
ver the work until the rising of the grain is eat down. Then take 
yowdered tripoli and boiled linseed oil, and polish the work to a 
right surface. 


To Gather and Preserve Woods. 


Woods should be gathered and exposed in a dry situation, to a 
reat of from 90° to 150° Fah., until suffieiently dry. The larger 
tinds ere more easily chipped before drying. 


| 
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To Preserve Woodwork. 
Take boiled ofl eee | powdered charcoal; mix to the con 


sistence of paint, and give the woodwork two or three coats witl 
it. This composition-is well adapted for cagks, water-spouts, dic. 
To produce Figures on Wood. — 


Slack some lime in stale wine ues brush in it, and form or 
the wooed figures to-suit your fancy. .When dry, rub it well with « 


rind of pork, 
 S§TEAM-ENGINE. 
To Estimate, by means of an Iwiicator, the Amount of Hifective 
Power prodeced by a Steam-Engine.. 


Rule, Multiply the area of the’ piston in aquare inches by the 
average force of the steam in lbs. and by the velocity of the piston 
in feet per minute; divide the product by 33,000, and ths of the 
quotient equal the effective power. 

Fa. Suppose an engine with a cylinder of 374 inches diameter, 
a stroke of 7 feet, and making 17 revolutions per minute, or 238 
feet velocity, and ‘the average indicated pressure of the steam 
16-13 ibs. per square iach; required the effective power. 

Area = 1194°48687 inches x 16°78 lba, x 288 feet. - 
| 33000. 


_ 188-26 x 7 


ee 


93-282 horse power. - 


To determine the proper Velocity for the, Piston of a Steam-Engine. | 

Rule. Multiply the logarithm of the eth part of the stroke at 
which the steam is cut off by 2-3, and to the product of thie add 
“7. Multiply the sum by the distance in feet the piston has tra- 
velled when the steam is cut off, and 120 times the square root of 
the product will equal the proper velocity for the piston in feet 
per minute. 

Ex. Let the:steam be cut off in an 8-feet stroke when the piston 
has travelled jth of the length ;. required its proper velocity. 

Logarithm of 4 = 0°60206 


Multiplied by 2°3 : , 
~ 1384788 

To which add | 
“sundae 


74169476 == 2°04 x 120 == 245 feet, velocity per 


minute, 
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FABLE  . 
Of Approximate Velocities for the Pistons of Stean-Engines. : 


CONDENSING ENGINES. NON-CONDENSING ENGINES 


of steke Velocity im feet sevolntone pet dake in | Velocity i Spvahions 
in feet. | pet minute. — brinfte. . [, fuet. — t per minuté./per minute. 
2 186 62 
ot 200 50 
3 212} 424 
34 Pyyes 394 
 § 222 37 
' : ‘Bt . . . pad 
a 236 | 284 
| Of 248 27 
6 9474 245 
7 258 4 23 
8 264 22 


Of the Parallel Motion in 4 Steam-Engine. 


When the power from the pisten is. commanicated by means of a 
beam or lever moving upon an axis, the parallel motion becomes a 
Very insportant portion of the machine; for then it forms the link 

.af connexion, and by its properties renders the action of alternate 
eircular motion, and reciprocating vertical motion, mutually agree- 
able, thereby properly insuring to the piston-rod a truly direct line: 
‘to that of the cylinder; but. to .effect..this, the greatest degree of; 
exactitude of the various parts Is required, otherwise extra friction 

is created, and the effectave power of the engine proportionately 

diminished. 
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THE PROPERTIES AND MISCELLANEOUS ! 


|... EFFECTS OF HEAT. | 
| Linear Expansion of Metals from 32° to 212°.—Faravay. | 
' Zine, - lpartin . . 822} Gold, Tpartin . . 682! 
Lead, «~ —,_-,_-851 | Bismuth, H 4. FT 
Tin, = - - 403 | Tron, * - - 812) 
Tin, impure, “ - «+ 600 Antimony, ” - - 923 
‘Silver, # - - 524 Palladium, < - » 1000 
Copper, mae - - 581 — Platmom. . “ - « 1100 
Brass, “ - « 58841 Flint Glass, * Ss mae 
f 


Paorzrtizs axp Evrects os Heat. 2% 


TABLE 
Of the Expansion of Water by -Heat.—By Datrox. 


| 42° Hahrenhoit, 100286 {| 122° Fahrenheit. 101116 
22 100090 132 101367 
32 100022 142 101638 
423 100000 162 - OC: 101934 
$2 100021 162 0::C-C«C 102245 
63 100083 v72—~CO , 102575 
72 100130 2 -.: . 102916 
83 100312 192 - . ; 108265 
93 100477 202 +... " 103634 
108 100672 212 = . 104012 


TABLE 


Of the Heating Power of various Combustible Substances, exhibiting 
the utmost quantity of Water eoaporated by the given Weights, and 
the ematlest {quantity of Air capable o of éotal Combustion. 
De. Unx. 


peeey of —. Weight of at- 
Species of Combustible. tom 6 Poundsofboil muspheric air at 
ean neat 0° ing water evape-| 32° to ae a 


rated by f pound. pou 


rey 


Smaitest quantity. 
Perfectly dry wood, . .- 35-00 5°98 
Woed in ita ordinary state,j} 26°00 4: "3 4°47 
Wood charesal,. . . .{ 73°00 13°27 11°46 
Pitooal, . . . . . -} 60°00 10°90 | 9°26 
Coke, . . ae 46s Cee 65°00 11°81 11°46 
Turf, . Se we 30°00 0°45 4°60 
‘Turf chareoal,. a ee 64°00 12°63 9°86 
_Carburetted hydrogen gas,{ 76°00 13°81 14°58 
Owl: 4. @ 22 @ wo te 
Loe a ee 78°00 14°18 15°00 
'Tallow,. . . e. 
Aleohol of the chops, . . | 52°60 9°56 11°60 
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TABLE 
Of boiling points of water holding various proportions of sali in 
solution. 
Pen eas poses | Basset 
Saturated solution. . . |. 36°87 226°6 86-2 107°8 
* “ oo ee Ow 33°34 224'9 85°7 107°3 
* bes e- 4 80°30 323°7 85°2 106°S 
“ i et 27°28 + 222°5 84:7 105 8 
“ * rae eae 2A‘25 221°4 84‘1 105°3 
“ bg BO % 21°22 220°2 83°6 1046 
es ba Se Se 38 18°18 219 83 108°9 
“ is a ee 15°15 217-9 82°6 103°3 
. a er fe 12°12 216°7 82°] 102°6 
“ “ a ae 9°09 215'5 81 6 102 
“ a ar 368 Se 6 06 214°4 81°] 101°3 
Sea-water. . .« « « e -8'°03 213°2 80'5 100% 
Common water... . 0°00 212 80 100 


Expansion of Liquids in Volume from 82° fo 212° Fahrenheit, 


1000 parts of water become 1046 
wb ie oil - 1080 
a a mercury is 1018 
_ spirits of wine “ 1110 
$ s air : 1373 


Of the Linear Dilatation of Solids by Heat. Dimensions which 
a bar takes at 212°, whose length at 32° is 1000000. 


Cast iron, . - 1900131111 | Cast brass, . 10018750 
Steel (rod), . 100114470 | Silver,, « . . . 10038900 
Steel, not tem- Tm, .. . . . 10028400 

pered,. . .¢ lOO10T875 | seg  t ) Ty oessasse 
Ditto, temper- F Zine, . « - 1:00294200 

ed yellow, ‘100186900 | Glass from 82° ) ansaveh 
Ditto, at ahigh-) js oosog95g | 10 212%. 

es rate,. . Glass from 212° 100091827 
wy ‘ ; i « 100118208 Ae 892°, 

iron, orge . 100122045 | Glass from 892° 

Gold, . . . . . 100130000 { to 578°,- . meploriis 
Copper, . . . « 100191000 
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Of Capacities of Bodies for Heat referred to Water as the Standard. 
- 10000{ Iron, . 2 2 e 71300 


Olive ei], - - . . = ~- 7100) Hardened steel,, . . . +1230 
| Linseed oi, . . . . . ‘52804 Steel softened by fire, . 1200 
j Oil of tur, - - « 4720) Soft bar iron, . . . . 71190 
, Quicksilver, «- « « « 73380; Bras, . . . 2 2 e 2 71160 
}Iee,. . - 2 2 2. . 2000] Copper, . 2 2. =. . “1140 
|Pteoal, . 2. . 2. 2 «2 BITT) Zing . «2 1 6 ow we 100: 
:Chalk,. . 2. « « « . “27004 Ashes of eharcoal,. . . 0909: 
Seasalt, . . . 2. 2. . ‘2800j/Silwer,. 2. 2. 1. ww 2 0520! 
Sulphur, . . 2. 2. « . 1900;Tin.. ©. 2. 2 2 2 1 « 704 
Ashes of cinderan . . . ‘1855) Whitelead, . . . . . 0670: 
Black lead, - « « ‘1880)/Goid, . . 2. 2. 2 . « *0500' 
Ashes of elm wood, . . °1402)Lead, . ..... =. 0420) 
| 
TABLE 
Of the Expansion of Atinospherte Air by Heat. 

Faicenat.| Suk. | Fetenpee| ek. feeteue: | Belk 
i EO 

32° 10900 635° 1077 100° { 11593 

35 1007 70 1089 120 1194 

40 1021 13 1099 149 3235 

4S 1032 80 Y110 160 1275 

50 1048 85 7 2191 180: 1315 

55 1053 90 1132 200 1364 

68. 1066 95 1142 212 1376 


The pressure or gravity of the atmosphere, being equal to a 
eolumn of water 34 feet in height, is the means or principle on 
which reste the utility of the comnwn pump, also of the syphon, 
and all other such hydranlie applications. In the pump, the internal 
pressure on the surface of the liquid is removed by the action of the 
bucket; and as by degrees the density beewmes lessened, so the 
water rises by the external pressure to the abvve-named height ; 
and at euch height it will retnain, unless by some derangement of 
construction taking place, the atmospheric finid is allowed to enter 
and displace the liquid columa. But observe, if the temperature 
of the water or other liquid be so elevated that steam or vapor 
arise through it, then, according to the vapors accumulation of 
density, may the action of the pump be partially or wholly 
destroyed ; and the only means of evasion in such eases is to place 
the working bucket beneath the surface of the liquid which is 
required to be raed. 
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To eonvert the Desrees in tha three Scales into aach ether. 


To emvert Centigrade or Reewumurs inio Fahrenheit's Dessees.—Muliply the: 
nember of degrees by 9, divide the produce by & fur Centigrade. or by 4 for Reaumur’s ; 
act 32 to the quotient, aad the sum will be degrees of Fubrenheit. 4 

To eonvere Fuhrenhett’s inte Centizrads er Reaumur’s De -—Subtract 32 fram. 
the nusmber of degrees, and divide the remainder by 9; maltaoly the trnotient by 3 fog- 

€, or 4 fr Reaumw’s ; the produets will he the required degrees respectively i 
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. Gomparative Table of tke Degrees of the three Therwwometrical Soales. 


Fahr’t {Cent Rea. |Fahr't |}Uent.| Rea. Pahr’t |Cent.] Rea. |Fahr't |Cent. | Fahr’t Cent.| Rea. 
212/100) 80 ; 17 |25 | 
211] | | 
aoe wa) 79 124 19 | 
207% t 
208 | 98) [23 | | 
907 i738 
207 97) 23 | 
206 
205 96 77 91 
204 | 
203 | 95) 76 20 | 16 4 . 
202 | 
201 94 15 19 
200 a | | 
198 | in 17 
197 * 
196 a] 73 16 
195) | 
194} 90! 72 15 
193 
192 89) 74 14 
191 
189} ..) °° l 
iss} 37) | : 
187 j 86 69 i 11 
186 | 
185} 851 68 | 10 
184| | 
831 84 6 9 
ne 
182] | 
181 7 an 8 
180 ao} » 4 
179{ ~~ | — 
177 - 
176 | 80) 64 5 = 
175 | ! _ 
173 j - 
e. | R | : 
| ar} "1 62 . iG 
(h} oer 2 ee 
Yi -10 
169)) +e) 1 ] -1} 
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Tasre of the Weight of Substances of Construction, showing the 
weight of a cubic inch, and a eubic foot, in ounces and pounds evotr- 
dupois, and also the number of eubie inches in one pound, of the 
8 ces most used in construction. 


| Wenght of a.cebis foot. | Weight ef eubic inch. 


Names of Bodies. Nureber of 
im az. 
Copper, east, 8788 
Copper, sheet, 8915 
Brass, cast, . .} 8396 
Iron, cast, . . | 7273 
Iron, bar, . -| 768k 
Lead,. .. 11344 
Steel, soft, . . | 78383 
Steel, hard,. .| 7816 ; 
Zine, cast, . .} 7190 
Tin, cast,. . . | 1292 | 
Bismuth,. . .| 9880 ; 
Gun-metal, . . | 8784 ' 
Sand. . . .| 1520 
Coa, . . . . | 1250 
Brick,. . . .| 2000 ) 
Stone, paving, .j{ 2416 
Slate, . © «| 2672 
Marble, . . 2742 
White lead,. .} : 3160 { 
Glass,. . . .} 2880 
Tallow, . . .| 946 
Cork, . . .. 240 
Lareh,. . . 544 f 
Elm, . oe 556 
Pine, pitch, . 660 
Beech, .. . 696 


Teak, .... 145 
Ash, «& 6 -t-* 760 
Mahogany, . . 852 
Oak, . . +. 970 
Oil of turpentine, 870 
Olive oi,. . 915 
Linseed oil, .. 932 
Spirits, proof, . 927 
Water distilled, | 1000 

“  peA,. e 1028 
Tar, . . + [| 1016 
Vinegar,. . .| 1026 
_Meroury,. . . / 13568 


Ac”. Sotpm@iss I8t 


es ee oe eee 


Conducting Power of Materials used ini the Construction of Houses. 
As observed by Mr. Hutchinson. 


Slate, ..2. 2. 2. . « . 00 Oak wood,.. . . . . 88°66 
Keene’s cement, . . 19°01 | Asphalt, . so 6 «© © 46°79 
Plaster and sand,. , 18°70} Chalk (soft), . . . °* 56°38 
Plaster-of Paris, ... . 20°26|Stock brick, . . . . 60°14 
Ronan. cement, .......... 20°80} Bathstone, . . . . . 61°08 
Beech wood, . .. . 22°44/Fire brick, . . . ... 61°70 
Lath and plaster,. . .° 2555)Lead,.°. . . . ~~ ~~ %521°34 


Fir wood, . . , . . 27°60 

Air and gases are very imperfect conductors. Heat appears to 

be propagated through them almost entirely by conveyance, the 
‘heated portions of air becoming lighter, and diffusing the heat 
through the mass in their ascent as in liquids. Hence, in heating a 
| room with hot air, the hot air should be introduced at the lowest 
part. The advantage of double windows for warmth depends, in a 
| great measure, on the sheet of air confiaed between them through 

which heat is very slowly trausinitted. 

Capacity of Bodtes for Transmitting Heat. 

The capacity which bodies possess of transmitting heat, does not 
oa aan upon their transparency; or bodies are not all transparent 
to heat m the same proportion that they are transparent to light. 
The following plates of an equal thickness of 1031 inches allowed 
very different proportions of heat to pass through them. 

f 100 rays transmitted from an Argand oil lamp there were: 
Rock salt,. . . . . . . 92{Emerald, . .-....., 29 


Mirror glass,. . . . . . .62/Gypsum, ... « « » 20 
Rock erystal,, . . . . . ‘62/Fluorspar, . oe © « 15 

- . « 62/Citric acid, . . . . . . 16 
Rock crystal, smoky & brown 57 | Rochelle salt, . . . . . 12 
Carbonate of lead,. . . . 52/Alum,........ 12 
Sulphate of barytes, . . . 33|Salphate ofcoppe, .. . 0 


SOLDERS. 


For Lead—Malt one part of block tin, and, when in a state of 
fusion, add 2 parts of lead. Resin should be used with this solder. 

For Tin.—Pewter, 4 parts; tin, 1; bismuth, 1. Melt them 
pea and run them into slips Resin is also used with this 
solder. 

For Gold.—Pure gold, 12 parts; silver, 2; copper, 4. 

For Brass.—Brass, 2 parts; zine, 1. 

For Iron —Good tough brass, with a small quantity of borax 

For Pewter.—Bismuth, 2 parts; lead, 1; tin, 2. | 

For Co Por opps 2 parts; zine, 1. 

For Silver.—Silver, 5 parts; brass, 6; zine, 2. 

‘Hard Solder.—Copper, 2 parts; zine, 1. ) . 

Soft Solder.—Tin, 2 parts; lead, 1 part. © ‘(CG i/0° 7° 8! 


Iceland spar,. . . 
| 
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length of Meck anes sizes of Coupling-bor. “(al anchester Rules.) 


aes 


Diameter of *Lengtk of | Diameterof | Length a ay of | Diameter of 
Neck. - Neck. Coupling. Lap. Box. Box. 


eel aoe aliens 


Inches. | ’ Inches. ° Inches. Inches. ~ jaehex Inches. 
2 "40 ‘84 2+ | - oy ot 
24 Phe 34 >; an 


23 ot 44 

38 6 44 $4 %4 ve 
8} 6} 5 

84 és — 


+. { 4 Sadie SS. « 
10 14} 14 10 18} 22 
11 15 16 11 90 24 
12 16 173 =| 22 21° 26 


' Gradations o Temperatura 
The. following are interesting facts in the range of temperature : 


166° Greatest artificial cold. (Faraday.) 
150 Liquid nitrous oxide freezes. 
122 Liquid sulphuretted rh peskchae freezes. 
105 Liquid su)]phurous acid freezes. 
91 Greatest artificial cold measured by Walker. 
56 Greatest natural cold observed by a “verified” ther- 
mometer. (Sabine.) 
70 Greatest natural cold observed at Fort Reliance by Back. 
(Doubtful. ) 
58 Estimated temperature of planetary space. (Fourier.) 
47 Sulphuric ether freezes. 
39 Mercury freezes. 
80 Liquid cyanogen freezes. (Faraday.) 
18 Mean temperature at the Pole. (Arago.) 
11 A mixture of two parts alcohol and one part water freezes. 
7 A mixture of equal parts alcohol and water freezes. 


TABLE 
Of i een or making Shafting with Half: ae Couplings, showing | 
{ 
i 


Below Zero (#ah.) 


Geapations ‘or TEMPERATURE ‘23 


133 
142 


Strong wine freezes, - 
Vinegar freezes, 
Milk freezes. 


_ kee melts 


Mean temperature at Edinburgh, 

Mean temperature of London. 

Mean temperature at Rome. - 

Mean temperature at the equator. 

Heat of the human blood. 

Ether boils. 

Phosphorus melts. 

Alcohol boils 

Highest natural temperature observed of a hot wind 
in Upper Egypt. (Burekhardt.) 

Wood-spirit boris. 

Spermaceti melts. 


151°84 Beeswax melts. 


212 
226 
242 
288 
442 


mm fo co nw 
. mm bo OS @ 


ee ae ee 


Above Zero (Fah.) 


The line of 'p 
different climates, 


Water boils. 

Sulphur melts. - - 

Nitric acid boils. 

A compound of equal parts of tin and bismuth melts 

Tin melts. 

The poriece of polished steel acquires a pale. straw 
color. 

Bismuth melts. 

Phosphorns boils. 

Oil of turpentine boils. 

ae surface of polished steel acquires a uniform deep 

ue. 

Sulphuric acid boils. (Dalton.) 

Lead melts. 

Linseed oi} boils. 

Lowest ignition of iron in the dark. 

Mercury boils. 

Zine melts. 

Tron bright red in the dark. 

Antimony melts. 

Iron red hot in the twilight. 

Red heat fully visible in the daylight, 

Heat of a common fire. (Daniell.) 

Brass melts. et 

Silver melts, 

Copper melts, 

Gold melts. 

Steel melts. 

Cast-iron melts, 


Platinum melts, 


c 


erpetual congelation has a vuriable altitude in 


( 
retain ah 
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At the equator itis 14760 feet, 
At the Alps sf 8120 “ 
In Icelan “. 68084 


At the polar regions ice is perpetually observed at the surface of 
the earth. 


PROPERTIES OF NUMBERS. 


1. A Prime Number is that which can only be measured by 1 or 
unity. 

2A Composite Number is that which can be measured (or divided 
without a remainder) by some number greater than unity. 

3. A Perfect Number is that which is equal to the sum of all its 
divigors, or aliquot purte: thus 6 = § + § + &. 

4, If an odd number divides an even number, it will also divide 
the half of it. 

5. If the last digit of any number be divisible by 2, the whole 
number is divisible by 2. 

6. If the two last. digits be divisible by 4, the whole number is 
divisible by 4. 

4. If the three last digita be divisible by 8, the whole number is 
divisible by 8. ; 

8. If a number terminate with 5, it is divisible by 5; and if it 
terminate with 0, it is divisible by either 10 or 5. 

9. If the sum of the digits constituting any number be divisible 
by 8 or 9, the whole is divisible by 8 or 9; and if alao the last digit 
is even, the whole number is divisible by 18. | 

10. If the sum of the digits of any number be divisible by 6, and 
the right hand digit by 2, the whole is divisible by 6. 

11. If the sum of the Ist, 8d, 5th, &e, digits of any number be 

equal to that of the 2d, 4th, 6th, de, that number is divisible by 11. 
Thus 327948 contains 11 = 29818 times exactly. 
12. If a square number be either multiplied or divided by a 
square, the product or quotient is a square; and conversely, if a 
‘square number be either multiplied cr divided by a number that is 
not a square, the product or quotient. is not a aquare. 

13, The product arising from two different prime numbers cannot 
be a aoe number, ; 

14. The product of no two different numbers prime to each other 
(that is, 1 being the common measure) can make a aquare, unless 
each of those numbers be a square. 

15. The square root of an integral number, that is not a complete 
square, can neither be expressed by an integer nor by any rational 
fraction ; so with the cube root of an integer. 

16. Every prime number greater than ¢wo, is made up of 4 times 
some number, + lor—1; that is, of one of the forms 4n + 1, or 
4n — 1. 
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17, Any prime number greater than 3, divided by 6, will leave a 
remainder of 1 or 5: that ig, every number greater than 3, is one 
of the forms 62 + 1], or 6n— 1. 

18. The number of prime numbers is infinite. 

19. A square number cannot terminate with an odd ‘anes of 
eyphers. 

20. If a square number terminate with 4, the last figure but one 
will be an even number. 

21. If a square number terminate with 5, it will terminate with 25. 

22. No square uumber can terminate with me equal digits, 
except two.cyphers,.or,.two fours. 

23. No number whose last digit is 2, 8,7, or g, aus number. 

24, If a cube number be divisible by 1, it is also divisible by the 
cube of 7. 

25. "The difference between any integral .cube and its root is 
always divisible by 6. 

26. Neither. the sum nor the difference of two cubes ean be a 
cube. | 
27. A cube number may end with any of the antaral or 


28. All the powers of any number that ead with 6, will terminate 
| with 6: so with the numeral 5 : 


T A BL KE 
Of the jirst Nine Powers of the first Mi ine Wosilers 


wt| od | sd | atm | ccm | om | mh |. om. | | on 
iri es a 
8s | 16 sa | 4 | 18 | 258 | 612 
“or | 81 | 24s | 729° “e187 | 6561 19688 


_——— = eS 


SD CEES Te age ewe ms | mom 


ed 


416] 64 | 256 | 1024 | 4096 | 16884 | 65526 | 262144 
iu 125 | 625 | 8126 | 15625 | 78126 | 390625 | 158125 


————— Sere eee 


tee, WEneees oe | SOS 


36 216 | 1296 “17716 | 46656 270986 | 1679616 | 10077696 


eS 


49) 348 For 2401 


6 


| 


7 


es eee [emecne aoe | gs OR 


16807 | 117649| 828548 | 5764801 40353607. 


oe 


Smetana 


Ea: EE 


8/64: 512 | 4096 | 32768 | 962144 2097162 16777216 | 1 184217728 


S| 


ED SE 


9/81| 729 | 6561 | 59049 | 581441 4762969 / 45046721 387420489 


240. _.Userut Numpers. 
TABLE 
Of Useful Numbers. 

# co « 6 6 81415927 | YO... . y= 141429136 
Log. T © © © © 6 0°497 1499 1 . « e« - 07071068 
Log. res + 2 «11447299 A 44428829 | 
= e e e e ° e 0°3188099 ees ° * «¢ e 2'2214415 
r v3 
eS kgs WOOO, Tt ayo, 6.16 2. ROMOLBES 
5 2 ee ee «01018212 ee 

Sica at : > ek ee « « ee e @ 1°26383141 
Vir. e+ 6 « «17724538 2 

1 2 
“ee e e e ° e 066418906. ; a es ° r e e 0-407 8846 
bre Sy a fe ice a sss om STTeRI8 
Log. € . ° ry eo eee oe @ 0°4842945 
Modulus of common logarithms ae ee a 484294489 
Log. of ditto e e e e e e e ° ° 96377848 7 
a oe a a ee ee wh e)~=— 682719084 

Moo mie cise Rie eo tg Sete gee: DOTS. 
og. g e e e Z e ° ‘ ° e 1:5077222 
Inches in a French métre braid a ae ee 89°37079 
Loz. of ditto a ek Se a tay "en ay He 1°5951741 
Feet in ditto et ee . ew ew el ew] «68°2808992 
Log. of ditto er ae ae ee 0°5159929 
Square feet in the square metre oe ee ew ee )©=610 764297 
Acresin the Are . ; a ee ee 0:024711 
Lbs. in a kilogramme . 4 mage Ge og ~ 2°20548 
Log. of ditto . : oo 0°38485081 
Imperial gallons in a litre Ss ie ‘ 02200967 
Lbs. per square inch in 1 kilogramme per ote 

millimetre . me, ~ « 1422 

Cwts. ditto, ditto . « ee” AST 
Volume of a sphere whose ‘diameter isl. . . . 05285988 
Are of 1° to rad 1 By vie. eh el ae ee e 0017453293 
Are of 1’ to rad. 1 : ‘ ‘ 0:000290888 


Are of 1" to rad. 1 


Degrees in an are whose length i is 1 
Grains in 1 oz. avoirdupois 


‘ 0000004848 


wg. BT296780° | 


Sugrace or Borters’ Tuses. 241 


Grains i in 1 Ib. ditto. . » « 7000. 
Grains in a cubic inch of distilied water. Bar. 30 
in., Th. 62° ... . 7 2 2© « « 252°458 


Cubie inches in an ounce of water... ‘os 173298 
Cubic inches in the imperial gallon. . . . . . 277-276 
Feet in a geographical mile . . . . «. « + « 60756 

Log. of ditto . . 2. 6 2 © © © 2 ew ew ew 3°7835892 
|Feet ina statute mile . . . 2... . -. - 5280 

|Log. of ditto . . eo 8 3°7226389 
Length of seconds’ pendulum i in inches -,-  39°19084 


Cubic inches in 1 cwt. of cast iron “i, “% ; 430°25 
ma . Bar iron .. . . 897°60 
Me sy Cast brass . . - 868-88 
s ase Cast cop - , - . » 852°41 
“ g ‘Cast lea oe verte. Je 27280 

| Cabic feet i in 1 ton of paving stone, . © « 14°835 


Granite. .. « « «© «= 43°505 


« “« =. Marble. . . 2... .-. #18070 
“ ¢ Chalk . . . 2... « ©) 12°874 
. «6. sCdLamestone. 2. 1 ew ew «11°28 
a, - Elis. 5-4. %. « ~« e« 64°460 
“ “ Honduras mahogany - + «  64:000 
“ « 6, .Mar F orest fir 7 « « ‘ce © 1°650 
@ “ Seay o © ee @ wl ht) CH 494 
4. sc 6. ORiga ‘ o « © 47°762 
“ “ Riga fr Dantzic oak ~ « © 47°158 
“ “:,, Spanish mahogany. . . .. 42-066 


« English oak . ‘. 36-205 
beg find. the weight in The of 1. faot.of gommon 
+: POPS, multiply. fhe ee .of gs Seam ienene: ; 


in inches by . . oe ° 044 
; to 046 
Ditto foracable . . . «. 2 «© © © eye © 027 
TABLE 
Surface of Boilers’ Tubes of if Different Lengths and id Diameters, 
Diameter. Length. Rurface. Diametet. | Length. Surface. 
In, | Ft. in Sq. ft. In. Ft. in. Sq. ft. 
ot | 5-0 3°27 8 6 6 51 
- 5 3 8°42 6 8 5 2 
e 5 6 3°6 ‘i 7 0 55 
a 5 9 8°75 . 7 6 5°89 
“ 1 6 0 3:9 2 & 0 8:28 
8 6 0 47 = 8 6 6°87 
o. 6 3 49 
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RECIPES FOR MAKING DIFFERENT 
KINDS OF GLASS. 


1. Bottle Glass.—1. Dry glauber salts, 11 pounds; soaper salte, 12 
pounds; half a bushel of waste soap ashes; sand, 56 pounds ; glass 
skimmings, 22 pounds; green broken glass, 1 cwt.; basalt, 25 
pounds. This mixture affords » dark-green glass. 

2. Yellow or white sand, 100 parte; kelp, 30 to 40; lixiviated 
wood ashes, from 160°to 170 parte; fresh wood ashes, 30 to 40 

arts; potter’s clay, 80 to 100 parts; cullet, or broken glass, 100. 
f basalt be used, the proportion of kelp may be diminished. 

2. Green Window, or Broad Glass.—Dry glauber salts, 11 pounds ; 
soaper salts, 10 pounds; half a bushel of lixiviated soap waste ; 
50 pounds of sand ;:22 pounds of glass pot skimmings ; I cwt. of, 
broken green glass. — 

3. Crown Glass.—800 parts of fine sand; 200 of good soda ash ; 
33 of lime; from-250 te 300 of breken glass; 60 of white sand; 30 
of pees potash ; 15 of saltpetre; (1 of borax;) 4 of arsenious 
acid. ; ila hee 

A. Nearly W ite Table Glaas.—1. 20 pounds of potashes; 1T’ pounds 
of dry glauber salts; 16 of soaper salt; 655 of sand; 140 df cullet 
of the same kind. | 7 : 

2. 100 parts of sand; -236 of kelp; 60 of wood asheg, 14 of 
manganese; 100 of broken glass. - - - 

5. White Table Glass.—-1.-40 pounds of ‘potashes; 11 of chalk; 
78 of sand; 4 of manganese; 95 of white cullet. — 

2. 50 of purified potashes; 100 of sand; 20 of chalk, and 2 of 
saltpetre. : : 0 

6. Crystal Glass.—1. 60 parts of purttied potashes; 120 of sand ; 
24 of chalk; 2 of saltpetre; 2 of arsenious acid; ;}, of manga- 
nese. . » . e cy v > ° . . . i 

2. Purified pearlashes, 70 parta; white sand, 120; saltpetre, 10; 
+ of arsenious actd;°4 of manganese: - - - - 

8. 67 of sand: 28 of purified pearlashes; 10 of sifted slaked 
lime; + of manganese ; 5 to 8 of red lead. 

4. 120 of white sand; 50 of red lead; 40 of purified pearlash ; 
20 of saltpetre ; 4 of nianganese. 

5. 120 of white sand; 40 of pearlash purified ; 35 of red lead; 
18 of saltpetre; 1, of manganese. | 

6. 80 of the finest sand; 20 of red lead; 8 of pearlash purified ; | 
2 of saltpetre; a little arsemious acid and manganese. 

7. 100 of sand; 45 of red lead; 85 of purified pearlashes; + of; 
manganese; ! of arsenious acid. 

%. Plate Glass —1. Very white sand, 300 parts; dry purified soda, 
100 parts; carbonate of lime, 48 parts; manganese, 1; cullet,. 800. | 

2. Finest sand, 720 parte; purified soda, 450; quicklime, 80; 
saltpetre, 25; cullet, 425. .. 

A little borax has also been prescribed; much of it communi- 

| cates an exfoliating property to glass. 3 


elie eoeateeaenmemnar o.sitmentionatibe tere takes 


TABLE 
Of Prime Numbers to 5000. 

2 197 461 751 1051 1381 1697 

3 199 463 157 1061 1399 1699 

5 211 467: 761 1063 1409 1709 

7 228 479 769 1069 1423 1721 
I 227 487 773 1087 1427 1723 
13 229 491 787 1091 1429 1733 
17 238 ‘499 797 | 1093 1433 1741 
19 239 508 809 1097 1439 1747 
23 241 509 811 1103 1447 1753 
29 251 §21 821 1109 1451 1759 
31 257 5238 823 1117 1453 1777 
87 263 541 827 1123 1459 1783 
Al 209 547 829 1129 147] ‘1787 
43 271 557 839 1151 1451 1789 
Al 277 563 8538 1153 1488 1801 
53 281 569 857 1163 1487 1811 
59 283 571 859 1171 1489 1823 
6l 298 BT? 863 1181 1493 188% 
67° 807 587 877 1187 1499 1847 
71 811 593 881 1193 1511 1861 
73 813 599 883 1201 1528 1367 
"9 817 601 887 1218 1531 1871 
83 331 607 907 1217 1548 1873 
89 337 613 911 1223 1549 1877 
97 847 617 919 1229 1553 1879 
101 349 619 929 1231 1559 1889 - 
103 358 631 987 1287 1567 1901 
107 359 641 941 1249 1571 1907 
109 867 643 947 1259 1579 1913 
113 378 647 958 1277 1583 1931 
127 379 653 967 1279 1597 1983 
181 383 659 971 1288 1601 1949 
187 889 661 977 1289 1607 -| 1951 
189 897 673: 983 1291 1609 1978 
149 401 677 991 1297 1613 1979 
151 409 683 997 1301 1619 1987 
157 419 691 1009 1308 1621 1993 
163 421 701 10138 13807 1627 1997 
167 431 709 1019 1319 1637 1999 
173 433 719 | 1021 1321 1657 2008 
179 439 727 1031 1327 1663 2011 
181 448 733 1083 1361 1667 2017 
191 449 739 1039 1367 1669 2027 
193 457 748 1049 16938 2029 
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1373 


‘Proce Nompers. 


2789 
2791 
2797 
. 2801 
2808 
. 2819 


2833 , 
(2887 
2843 : 


_ 2861 
2857 
. 2861 
2879 
2887 
2897 
2903 
2909 
2917 


2927 | 


2939 
2953 


2957 | 
2963. 


2969 
2971 


2999 — 


8001 


8QL1 
3019 


3023 
3037 
3041 


3049 , 


8061 
3067 
8079 
8083 
8089 
8109 

8119 
8121 
8187 
8168 
8167 
3169 

3181 
8187 

‘8191 


8208 
3209 
3217 


1 3231 
' 8229 


3261 
3263 
8257 
3259 


: $271 
3299 


8301 
3307 
8313 
8319 


, $323 


3329 
$331 
$343 
$347 
8359 
836L 
3371 


3373 
8389 


8391 


8407 
8418 


84383 
8449 
B457 
$461 
8463 
8467 
8469 
8491 
8499 
3511 
8517 


8527 
3529 - 


3433 
8539 
8541 
8547 


' 8557 
3559 
‘S571 


. 8581, 


35838 
8593 
3607 


' 9613 


3617 
3623 


3631 


3637 
3643 


. 8659 


3671 
8673 


8677 
_ 8691 
8697 


$701 


8709 , 


8719 ; 
3727 


8188 
8789 


376] 


9767 


3769 
3779 


$798 
_ 8197 
' 3808 


8821 
3828 
8833 
3847 
$85] 
8853 
8863 
8877 
388) 


' 98389 


8907 
8911 
8817 
8919 
3923 
3929 
$931 
3948 
8947 
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4793 4817 4877 4919 4948 4969 4999 
4799 4831 4889 4931 4951 4973 5008 
4801 4861 4908 4933 4957 4987 5009 
4813 4871 4909 | 4937 4967 4993 


TABLE 


Of Solid Inches and Solid Feet. 


Feet. laches. Feet. Inches. : Feet. Inches. Feet. Inches. 


I= 1728 26=44928 51= 88128 716== 131828 
2 8456 27 46656 52 88956 77 133056 
38 6164 28 48384 68 91584 78 184784 
4 6912 29 450112 64 08312 79 136512 
E 8640 80 51840 565 95040 80 188240 
6 10368 31 53568 56 96768 81 189968 
7 12096 82 55296 57 98496 82 1416'-6 
8 13824 { 83 57024 58 100224 88 148424 
9 15552 34 58752 59 101952 84 145152 
10 17280 85 60480 60 103680 85 146880 
11 1908 36 62208 61 105408 86 148608 
12 20736 37 63986 62 107186 87 150836 
13 22464 38 65664 63 108864 88 152064 
14 24192 89 67392 64 110592 89 153792 
15 25920 40 69120 @5 112320 90 155520 
16 27648 41 70848 66 114048 91 157248 
47 =629876 42 72576 67 115778 92 158976 . 
38 81104 48 74304 68 117504 93 160704 
19 82832 44 76082' | 69 119232 .| 94 1624382 
20 34560 45 T7760 70 120960 95 164160 
21 36288 46 '19488 71 122688 96 165888 
22 38016 47 81216 |. 72 124416 97 167616 
23 39744 48 82944 73 126144 98 1693844 
24 41472 49 84672 74 127872 99 171072 
25 43200 50 86400 75 129600 | 100 172800 


TABLE 
Showing the Weight kd Cast-Iron Plates, 12 inches square, and from 
$ of an inch to 1 inch’ thick. 


Width in $ § 2 4 One 
Inches. 93 625 5 875 } Inch. 


12 


a1* 
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To find the Horse Power that a Cast-Iron Wheel is capable of 
. transmitting. . 

Multiply the breadth ofthe teeth or face of the wheel in inches 
»y the square of the thickness of one tooth, and divide by the 
ength of the teeth, for: the strength at a velocity of 136 feet per 
ninute. 

Thus a wheel with the breadth of teeth = 74 inches, thickness= 
4, and length = 2, ought to transmit 7°35 horse power. For 

14* = 1-96, and AS x 16 = 7°35, 


The strength at any other velocity is found by multiplying the 
power so obtained by any other required velocity, and by 0044. 

Thus, the wheel as above, at the peed of 320 feet per minute, 
would be capable of transmitting 10°3488 horse power. 


TABLE 
Of the Dimensions of Wheels in Actual Use. 


— a oe Ce Sie ee i ten 


Pitch in Number Lidia No.of | Horse Power. 


inches. Character of Wheel. |. teat. inches. thons i 


1 
ome eD | goes 


14 | Spar Wheel, . . | 72 


44 | 120 8 | 75 
23 | Spur Wheel, . . 95 6 | . 26 14 1°676 
83 | Bevil Wheel, . . |. 40 7 80; | 20 | 24°34 
2h | Cog Wheel,. . .|. 60 | 6 | 40 -| 12 | 15-89 
54 | Bevil Wheel, . .j| 70 12. 10 80 | 67°396 
24 | Spur Wheel, . . 90 8 12 6 9-12 
3% | Internal,. . . . 80 9 20 41 48°8 
3 | Cog Spur Wheel,. | 60 8 80 | 121 177 
6 | Spur Wheel, . .| 380 | 14 7 21 "263 
4 | Spur Wheel, . .” |: 10 8 25 | 29° 
24 | Spur Wheel, . 1 55 23 25 
22 | Spur Wheel, ae | 20 25 26 
24 | Internal, 7 10 87 90-4 


5 | Internal,. . 

5 | Spur, . 
476 |Spur,... . 
3% | Bevil Wheel, . 
4 | Cog Bevil Wheel, . 
4 | CogSpur Wheel, . 
6 | On Water Wheel, . 
44 | Spur Wheel, .. 


minute. | Actual. | Calculated. 


a 
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TABLE 


Showing the Circumference of a Rope equal to a Chain made of Iron 
of a given Diameter, and the Weight tn Tons that each is proved to 
carry ; also the weight of a Foot of Chain made from Iron of that 
dimension. 


rnc isinaes.| cheer"! | Ptocat”™,| Yoattin be avo 

3 +4 A; 1 1:08 
4 4 2 1°65 
4 $& |, 8 2 

5 ; 4 24 
6 +, 5 8-8 
6 t. 6 4 

7 gas 8 4°6 
cP | 4 ; 9% 5°5 
8 a& yy 113 61 
9 + 13 7°2 
94 té 3 15 8°4 

18 


10} 1 inch. 9°4 


The Transverse Strength of a body is that power which it exerts 
in opposing any force acting in a perpendicular direction to its 
length, as in the case of beams, levers, &c., it is inversely as their 
lengtha, and directly as their breadtha, and the square of their 
depths. But, if cylindrical, as the cubes of their diameters. 

Knat is, if a beam 5 feet long, 2 inches broad, and 8 inches deep, 
can carry 1798 lbs. another beam of the same material, 10 feet 
long, 2 inches broad, and 8 inches deep, will only carry 899 lbs, 
being inversely as their lengths 

Again. if a beam 5 feet i , 2 inches broad, and 8 inches deep, 
can support 1798 )bs, another beam of the same material, 4 inches 
broad, and 3 inches deep, will support double that weight, being 
directly as their breadths. 

A beam of the same material, 5 feet long, 3 inches broad, and 6 
inches deep, will sustain 7192 Ibs, being as the square of their 
depths. 
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TABLE 
Showing. the Equivalents and Specific Gravities of sixty-two Simple 
Substances. 
|| 2 | ig 
Name of 3 Ss § Name of z gs § 
o ° 
Substance 5 # ¢ Substance. S es ) g 
< & , < | & 
Hydrogen, |. H. | 1 *0689|| Mrtats 
Oxygen, . .|Oor.| 8 {| 1°026 Continued. 
Nitrogen, .| N. | 14°3 | 1°529 
Chlorine, | Cl. | 35°5 | 2°444 || Chromium, | Cr. | 28°10; 5°9 
Carbon, . .| C. 6°12/)44°] |; Mercury, .| Hg.|203  138°5 
Iodine, I, 126°6 | 4°948 | Silver, . . | Ag.)108°8 10°5 
Sulphur, .. .| 8 16°£ 11°99 | Gold,- .- .| Au./200 -19°8 
Phosphorus,.| P. | 15°7 | 1°7 Platmum, . | Pt. | 98°84 21°5 
Fluorine,. .| FF. | 18°7 Tin,. . .|Sn.| 68°9 | 7°29 
Bromine, .-.| Br. | 78°4 | 8 Cobalt;. . | Co.| 29°5:| 7°83 
Boron, . |B. | 11° Manganese, | Mn.| 27°7 | 8°0 
Selenium, | Se | 40 | 4°5 Nickel, ...., Ni. | 29°5 | 8°8 
Bey ie Antimony, | Sb. | 64°6)/ 6°7 
Arsenic, . | As. { 87°7 | 5°7 
METALS. * Palladium, | Pd.{ 58°36,11°5 


= - Rhodium, .| R. | 52°2 11 
Potassium, .|| K. | 39°2 | °865 || Asmium, . | Os. | 99°7 |10 
Sodium, . .| Na.| 23°5 | ‘972 || Iridium, ./Ir. | 99°8 18°68 
Lithium,. .|L. | 10 Cadmiun,. | Cd. | 55°8 | 8°6 
Calcium,. .| Ca.| 20°5 Molybde- 

Magnesium, .| Mg.| 12°17 num, . .|-Mo.| 47°9 ; 8°6 
Silicon, . .| Si. | 22 Tungsten, or| 

Aluminum, .| Al. | 18:7 Wolfram, | W. | 94°8 [17 
Iron, . . -| Fe. | 28 7°4 Vanadium, | V. | 68°5 
Lead,. . .| Pb. {108-7 11°85 Uranium, ,' U. |217°2 
“7 | 8°8 
8 


Sh a | Cu | 31 Titanium, .| Ti. | 24-5 
Columbium, .| Cm./184° Cerium, .| Ce. | 46 
Glucinum, .| G. | 26 Niobium, «| Nr. 
Yitrium,. .| Y. | 32 Pelopium, . | Pe. 
Zirconium, .| Zr | 84. Norium, .| No. 
Thorinum, .|Th.!| 60 | Didymium, | D. 


Strontium, .| Sr. | 43°8 Lantanum, | Ln.| 48 
Barium, ._ .| Ba.| 68-6 erbium, .| Tb.. 
Bismuth, .| Bi. |.71°5 _Erbium, .|E 
Tellurium, .| Te. | 64°2 Rutnheium,} Ru.| 52 
Zine,. . |Z | 82°3 | Fro 
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The Feeding Properties of different eee 
In comparison with 10 lbs. of hay. 


Hay,- . . 10 Carrots,, .  . 85 
Clover hay, « . te 8 | Cabbage, - . ‘ 80 to 40 
Vetch hay, . ; 4 Pease and beans, . , 2to 3 
Wheat straw, . 52 Wheat, . d si B 
Barley straw,  . 52 | Barley, . , oe a 36 
Oat straw, . Z 55 Oats, . d oO 
Pea straw, . ; 6 Rye, > 5 
Potatoes, ‘ 28 Indian corn, { 6 
Old potatoes, ; 40 Bran, . : ‘ 5 
Turnips, ; : 68 Gil-cake, = 2 
Thus 2 lbs, of oil-cake is worth ag mugh as ike of oat straw. 


PENDULUMS.! | 


A pendulum that vibrates seconds, or 60 lin the latitude o: 
| London, is 391898 inches long; and 30-1308 x60=:375'34, which 
serves as a constant number for other pendulums; thus, 375°3¢ 
divided by the square root of the pendulum’d length, gives the 
number of vibrations per minute; and divided by the vibrations 
per minute, gives the square root of the length of pendulums. 

Examr_e 1.—Required the number of vibrations a pendulum _ 
25 inches long will make per minute, 


5:36 | 
aa = 75°072 vibrations per minute. 


Example 2.—Required the length of a pendulum ta make 80 
vibrations per minute. 


5°36 
a == 4'6927= 29°014864 inches long. 


TABLE containing ‘the Length of Pendulwms to vibrate Seconds in 
"  — ‘vartous parts of the ‘World. 
ae, es Inches.- | . Inches. 
At Sierra Leone, . .. 8901954 | At New York, . . 89°10153 
Trinidad, . . . 8901879 | “ ee '. . 8911282 


& 


“ Madras,. . . . 89°02830 “ Paras .'. . . 3912848 
“ Jamaica, . . . $903508 | “ Edinburgh, . . 3915540 
“ Rio Japeiro, . . 39°01208 | “ Greenland, . «| 39°20828 


A pendulum vibrating half seconds in the latitude of London it 
9% inches in length; and for quarter seconds, 2°5 inches; 
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RECIPE FOR DYEING HATS, 


The bath for dyeing hats, employed by the London manutac- 
surers, consists, for 12 dozen, of 


144 Pounds of logwood; 
12 “s green sulphate of iron or copperas, 
vt verdigris. 


The copper is made of a semi-cylindrical shape, and should be 
surrounded with an iron jacket, or case, into which steam may be 
admittel, so as to raise the temperature of the interior bath to 190° 
Fah,, but no higher; otherwise the heat is apt to affect the stiffen- 
ing varnish, called the gum, with which the body of the hat has 
been imbued. The logwood having been introduced and digestea 
for some time, the copperas and verdigris are added in successive 
quantities, and in the above proportions, along with every succes- 
sive two or three dozen of hats suspended upon the dipping machine. 
Each set of hats, after being exposed to the bath, with occasional 
airings, during 40 minutes, is taken off the pegs, and laid out upon 
the ground to be more completely blackened by the peroxydize- 
ment of the iron with the atmospheric oxygen. In 8 or 4 hours the 
dyeing is completed. When fully dyed, the hate are well washed 
in running water. 

A skilful operator furnishes the following valuable information 
relative to the stiffening of hats. He says; 


All the solutions of gums which I have hitherto seen prepared! 


by hattera, have not been perfect, but in a certain degree a mix- 
ture, more or less, of the gums, which are merely suspended, owing 
to the consistency of the composition. When thie is thinned by 
the addition of spirit, and allowed to stand, it lets fall a curdy- 
looking sediment, aud to this circumstance may be ascribed the 
frequent breaking of hats) My method of | eae, is, first, to 
dissolve the gums, by agitation, in twice the due quantity of spirits, 
whether of wood or wine, and then, after complete solution, draw 
off one half the spirit in a still, so as to bring the stiffening to a 
proper consistency. No sediment subsequently appears on diluting 
this solution, however much it may be done. Both the spirit and 
a kuli stiffenings for hats made by the following recipes, have been 
tried by some of the first houses jn the trade, and have been much 
approved of: 

Spirit Stiffening.—T pounds of orange sheHac; 2:pounds of gum 
sandarac; 4 oz. of gum mastic; $ pound of amber resin; 1 pint of 
solution of copal; 1 gallon of spirit of wine, or wood naphtha. 

The shellac, sandarac, mastic, and resin, are dissolved in the 
spirit, and the solution of copal is added Jast, 

Alkali stiffening. —7 Pounds of common block shellac; 1 pound 
of amber resin; 4 oz. gum thus; 4 oz gum mastic; 6 0z borax; 
3 pint of solution of copal. 
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Liqueracrion or Gases, «°°: ‘i 957: 


| The borax is first dissolved in a little warm water (say 1 gallon); | 
ee alkaline liquor is now put-into a copper pan (heated by steam), | 
together with the shellac, resin, thus, and mastic, and allowed to. 
boil for some time, more warm water being added occasionally | 
until it is of a proper consistence ; this may be known by pouting a 
little on a cold slab, somewhat inclined, aud if the liquor runs off at 
the lower end, it is ‘sufficiently fluid. If, on the contrary, it sets 
before it reaches the bottom, 1t requires more water. When the 
whole of the gums seem dissolved, half a pint of wood naphtha must 
be introduced, with the solution of copal; then the liquor n:ust be 
passed through a fine sieve, and it will be perfectly clear and ready 
for use. This stiffening is used hot. The hat bodies, before tley 
are stiffened, should be steeped in a weak solution of soda in water, 
to destroy any acid that may have been left in them (as sulphuric 
acid is used in the making of the bodies). If this is net atter ded tv, 
should the hat body contain any acid when it is dipped into the 
mone the alkaliis neutralised, and the gums consequently pre- 
cipitated. After the body has been steeped in the alkaline solution, 
it must be perfectly dried in the stove before the stiffening is 
applied; when stiffened and stoved, it must be steeped all night in 
water to which a small quantity of the sulphuric acid has been 
|added ; this sets the stiffening in the hat body, and finishes the pro- 
cess. A good workman wil} stiffen 15 or 16 hatsaday. If the proof 
is required cheaper, more shellac and resin must be introduced. 


| 
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' TABLE 

| Of Pressures at which certain Gases are Liquijied. 

Gas {8 the name given to those elastic fluids which are permanent under a con- 
siderable pressure, and at the temperature zero. 


Ca'culated bofting 


Name of Gas. point, barometer == 


I 
; Beoumes liquid. 
8) inches. 
Under a pressure of 
Sulphurous Acid, . 8 atmos;;heres 4° Fahr. 
Chlerme, . .. 4 “ 22 
Ammonia, . . . . 6°5 a 64 
Sulphuretted Ilydrog. 17 * 142 
| Carbonie Acid, . . 3 a 229 
| Wydrochloric Acid, . 50 OtC 249 
Deutoxide of Azote, . 50 254 


22* 


Proportionats Streneta or WuFets. 


258 


Po a i 


| "y33u27 043 
genbe 7.1 Aq perfdiyjnur 300 jo ssou 
“MOIqy 9} pus ‘yozrd ayy syenbo 1.7 
Aq perdryrnut Zoo jo ssauyoryy ouy, 


‘d --Y 6.693 392309411 : 1Z.g 88 WAU], 
298 ‘qd ‘HUI ‘0o8 
10d"}q WIauaNg 230d 7q 


puovas sad yo0y 12.3 98 ‘14 3u0.148 
09-411 ss 


Se ae ee 


QE X 9o-8 


BINULIO., 


00-09 |00.94 | L8-ET 

66-99 |00-SE | 86-FI 

00-LL |OL-88 | OLLT 
06-28T 10E-66 |OL-9F | $8.12 

00-691 /O#-6IT | 08-99 | 89.¢e¢ 

¥6- 102 [79-FEE | 68-L9 | 99.08 

F8-F08 (00.88% |GF-691 | 91-92, | 09-F§ 

OLOFES [9 692 |F8-ELT | 09-98 | C8.68 

OF-668 (09-662 |°6-66T | F8-66 | 8S-.cFr 

TL.¥69 | LLLP 196-LEE |F6-6FS | F6-81 1) 00 FO 

61-889 | 09-909 |FI-TLE |58-8S96 | 021-961) 09.L9 

00-04 |00-399 [GI-62F |SL-916 | OL-OFT! 88-89 

FL-FS6 | 26-982 | 93-669 | GOLF /SE- FES | TF LE1) TPT 
GP-G16 106-8F8 | 9-649 (N0.T1¢ |F9.688 | SE-COL! FI-LL 
F8-FSLt | 61.96 9-992, |96-EL9 [38.818 | LT-681) L8-S8 
89 ZL6L{ C.9IOT] F-8P8 [F8-989 73. b2F | 00-212! 08-96 
G-6SET | 0-961 T! 00-006 [99-919 |88.6F | F8-.92%) 9%-ZOI 
L-O9PL} 6-1681/ 00-L46 | 1-384 |9L-88PF | 88-FF2] 96-011 
98GEL | £9661) 16-1801} 3-9LL]0-819 | 6-693| 09-L1I 

=z < 
gz | e= | gs | ss | ee | go Bs 


0G T 
C$. 1] 66-¢1 
09-1) 00-L1 
G9-T] 21-81 
O8 [} LF-06 
CG-1) 96-34 
(T-3| 66-86 
C221 OBGZ 
NP-S} 06-16 
09.2) 849-08 
OL-Z] 89-08 
G8.) 8a: 68 
00 §| 8¢-F& 
GI-§| 8 es 
O€-§| #E.LE 
CF.§)] 00-68 
09.8) 6-0F 
GLE} 9-8F 
68, @&$F 


ree | 


‘saqout 
ut yisuay 
*ROYII 
uy Yipealg 


o9.e| ool OL 


COLT OF 
0GG- 1/€29.% 


GLE-1, 88% 
00G-1' ST 
G29.1| ¥9-8 
OGL 1) 89:2 
9/8-T} €8-8 
00-2] 3. 
CZl-Z| OFF 
00Z-2| BLP 
C187) 84.% 
00G-%' ¢Z.g 
G29-% 19.9 
OCLZ LL 
G18-¢ 00.9 
00-2! 08.9 
QZ1-8] 96.9 
CZE)/CR 1-9 
5S | 8S 
ea | z° 
Se | fs 
= 


prorag sod yoaT 12.6 fo kjojay v unm ‘amo seLopy ua spoayy fo ypbuaay aypuoysodos ay) Bumoyy 
aTa@vs 


234 


OSI.> | 008-F | F99.F F679 908-2 | 8zt9 002-4 181-98 €LE.6 | OG&ll | 9FBET | OOOST | 08 
I61-F | 909:F | T[Lg.6 10-9 E189 OFF. PIt-L 008-8 O6F.6 | CRIT | OOB-SE | O6O-8T | 6T 
Q4LF | TISF | 817 608-9 628-9 ISt9 633-4 613-8 429.6 | €2@-If | €96-EL | IST-8T | 8ST 
10-F | 919-F | BS8-F | 218-9 | FESO | EOF | BFZL | BERS 672.6 | 9¢8-1T | 800-FT | FLBST | LI 
B0Z-F | B20.F [68h GS8.9 ¥F9-9 FLED SOS.L, 96.8 #14.6 | Z6ETL | 90% | L9E-RT | Of 
OlZ.b | BBE.b | {68% | S89 | ges8g | PBFA | SLs | 9128 | 009-6 | SaF-It | SIT-FT | 19%ST | of 
Q1Z-b | P8o.F | FOP 1¥8-9 898.9 S6F-9 L8Zh CAS-8 $Z9:-6 | COF-IL | SLI-FL | 998-81 | FE 
OCE.F | 6E%F | {Ih | BF29 | £489 | 609-9 | ZOSL | FIE-9 199.6 | [08-TE | O8%-FT | zE98E | SI 
865-F | 9FG.E | SI6.F 198-9 £88-9 [29.9 LI8.h ££8-8 LLG | SEXUTT | S88-FE | OFL81 | BI 
OfL.F | TSF | $36 F 296.9 168.9 £29.9 189.4, 698.8 GOLG | SLE IL | BbE-FL | SPRST } IT 
Q8z,b | 999-F | 186-F | BLA9 106-9 | G9.9 | PFE | BLES | 621.4 | EIQIT | OOFFL | LFO-8T | OT 
OFZ. | 299.F | 886.F 188-9 116-9 Le¢.g 608: 4 168.9 991-4 | O€9%1L | LEFF | LEO-6T | 6 
QF2.h | 899-p | OFG.> 688,9 {769 | 699.9 LL&sh S1f8 281-6 : 889-II | 918-FL | O€T-6L | 8 
092.b | 19% | 196.> 168.9 086.9 189.9 £68- 2, O&F-8 698.6 | OZLIT | SLS-FL | Ten-6£ | 2 
Q92-F | O8GF | 896-F | GOHS | OF6E | 69-0 | LOFL | OCS | 089-6 | POLIT | PA9-FT | Gee-6r | 9 
O98:F | 989.4 | 996,> QIhS 096-9 809.9 CCPL OLES £98-6 £08-11 | FO9FI | O9F6E | @ 
992.F | 169-6 | 816-F 138 | 096.9 L199 Seth 067-8 068.6 | TPSIl | FELL | 99-67 | F 
e 
t 
I 
0 


Ewor Tastz. 


ee 


OLG% | 169% | 616. 6cF 9 046:9 639-9 BOF. L 019-8 LI6-6 | O88-IT | GT8-FT | GL9-61 
G1LG.% | $09-% | 096.7 887.9 086:9 P99 89F.h 0£2-8 Vr6-6 | OF6-TT | DAFT | O8L6T 
08%-% | 609% | 866.7% OFP-Q 0466-9 799 9 ¥8hh TSas 316-6 | 096:1f | 886-FT | 068-61 
982% | 919% | 000.8 P9Fg 000-9 099.9 00¢.2 TL1&.8 0O0.0T | OOO.ST | OOO.ST | 000.08 


TT | NEY | EES | ae cores | ee eEeey rare | een ~eeeg | “or = Saree | er eee | meres — wre | er tere | eee 


mgt | ‘wey | wir | ‘mor | ma | we | my, | mg | we | we | we |-ag 


Vinoy 43d spongy 3 yasean ay fo pros 94) 29 p7tm Yorym ‘979N) Sry¥7 1B 4dQuiNe 


Buipuadsassoa pys dof yoo) umauy Gurag zany padnenows 047 4200 eoeend joxean p yorym ws a1ut? fa epuovar pun yazniernt o”“L 
“GTGVL LONY 


eee 


a re ae = a «Os Ceiiieenteen Fine mm ow we ee 


180-%{ 419.9 BLP 821-9 Lng.9 99 tg pés.9 COLL ¢96.8 92901 | ONL-8L | DIZOL | SF 
980-F| P8S-% | OSLP | Std S199 | 96t9 6U6:9 { 608-2 £169 | Levot | i18-8t | 688-AL | tp 
| 940 069.7 | 881? CPL-G Go9:9 | LOZO 886-9 | 9282 000-6 | 889-0l | LeBsr | $o8-ot | OF 
/%60-F| G6S.9 | BFL | OSt-g $89.9 LlLB9O 986-9 | 8P8-L eae | O190T | su6-ct | SBFOT | 68 
jO0t +; OOPF | BPLH | AGLI | BHAT | 928-9 | 096-9 | OOHL | SFOG | 120OF | O96-EE | HIMOT | 88 
CCL Pb) 9Or-P | SOLE P91 9 1998 | 6989 $96:9 Lush, 890-6 | 289OL | 968-81 | O6G-9OT | LS 
tf-+! ithe | tore Shid poo g | 0¢%-9 LL6-9 | ceed 060-6 | F£L:0L | Stuet | 190-08 | 08 
LEP] LiF 891-P 6L1°9 699-9 092:9 066-9 Gt6-L SI1-6 POL-OL | (60:8t | PEL9OT | 98 
ttP] 267-9 | LLP L3t@ | slog {142-9 | 600-4 | 626-/, Let é | ezLot | 88st | 2ze-ot | 8 
LP) S3P-P | 081-7. g6t-d Lig 86.9 LIOL 146. J, o91.6 | O1sot | ORTet | 1069L | 88 
old) SspF | LdLF COG 969:9 $669 tso0-£ | $96: 81-6 | shor | cezst | te6.0t | 38 
S81-9| O8h> | Gb | O19 Gold $08.9 Gt0-4 | t96-4 108-6 | 918-of | #8s-st | 190-21 | #6 
LULd! PEF | O09-% Lté-g ttyd | Q18.9 690. 000-8 0€2-6 | 6060t | See-et | EFl-Lt | 08 
/OVL-Y| OFF | 909.9 0620.9 831-9 123-9 € 10: 110-8 #02.6 | 2hc-0t | B8E-Et | Seat | 63 
LPL Gdpp | Bta.F | stg C9L¢ 988.9 20-4 | $808 $12.6 | CLeot | Gehet | LosLt | 8 
691-6] O9b-P | BI8-F | O39 119 6?8.9 Oo1-L | $40.8 208-6 | 600-tt | Sst-et | 16%-Lt } 46 
LID D9 | O2R.h L42.9 O9L9 098-9 Fith t10.9 28:6 BPO tt | Seest | SLELT | 96 
19LP BLbb | S486 | gard | OOL9 | 126-6 | Beth | O6od | OS86 | LLOIE | F8dEt | O9G-L1 | 6% 


Kyser Tarnz’ 


Ooty) LLdd | BEG | G9tG | GoLY | e889 | SEL | BOI-G | C28 | ITTIT | osost | LEOLE | £8 
LLt-§| s8h-b | Gosh | 045-9 | GLb | $88.9 LEt-L | Leg 668-6 | Sbt-1t | 880-sf | FELLt | 83 
GLL| ss¢-¢ | toop 815-9 1819 G0>.9 tut-L Ft1-8 $2t-6 | OSttt | ofLEt | ezBLt | 8 
(st) r6rb | Bc8-6 988-9 16.90 | Ltho | get-L | S9t89 846 | F10-11 | ELST Ote-Lt | 18 


pt | tugt | “wat | tart | ‘itot “tug ‘ug ‘wf, ‘tttg wg wy ‘tag [999 


e. {peiujuop)—atdvL LON 
{ 


262 


Fal 


OO-F | 082-% | 129 | BOK | B9F2 | O19 | 619-9 | SIG | 1698 | LZO-OT | OFOZT | TAO-ET | 68 
200-F ; 96-F | L329 | S109 | TARE | 0209 | 1699 | 1e¢-4 | ZI9-8 | C9OOT | O80-ZE | SST.OT | 89 
S10-F | [08 * | S8AF | O7OE | BL%9 | 080.9 | FOLD | £F94 | HERS | F8.0E | TSL-SE | OBST | LE 
LIF | 908-> | 689.F | 9208 L3h-9 0F0-9 | 911.9 R98.), F29-9 | ZIEOT | BOEST | FES-CE | 98 
BLOF | List | 999.4 | 220-2 | 862 | 0909 | 6249 | BLA | EL9-R | OFT-OL | BOZ.GT | BISGT | 99 
920-b | 918-h | 199% | SPOS | 409-9 | 0909 | 1F49 | 96%4 | 2498 | B9T-OF | 9FZ-TI | HEART | ¥9 
180-4 rae | 199. | FO | 8189 | 1409 |. FeL9 | TI9A | LLM | SAL-OT | 488-31 | O9F-et | go 
< | 220-5 | OCE-F | €99-% | 890.9 | 139-2 | 1809 | 9029 | 229-4 | 1818 | LOGOE | GEST | LATEST | 3 
CT | OFO-F | Geet | 6995 | £909 | 086-9 | T609 | LED | SVRA | BOLH | OIOL | TLRGT | F8S9T | TS 
S| yor | eed | 19m | OL09 | geag | TOT | BELA 1 699% | O849 | 98B-OF | ETF-GT | BE99T | 09 
ba | OFO-F | BPR | 189 | L109 | LF99 | BILD | SOR9 | 9104 | 108 | SISOL  O8F-RT | IZL9T | 6F 
700% | LbS-P | 180 F90-9 | #969 | BZEO | BIG | FOR | ESHA | CHEOE | 00E-8E | BSLIT | BF 
ane | gcse  s6ab  t60-G | FoXG | Esta | tesa | GOLA | GPS8 | CAB-OT sF9.3T | BeB-gI | 4 
$00-% | 898-> , OOLF 660-2 | BLAS | SHT-9 | PPRA | EBLA | LOK | FOF.OT L8e.2T | 6Z69T | OF 
190+ | soe | 90L% | BOTA | T8R9 | Soto | A999 | Thad | 68aR | PAROT TeasT | 000.91 | oF 
ZL0 998k | BILE | FITS | 069-¢ | For-9 | 018.0 | BoLA | Tee | GOFOT | L931 | 120.91 | FF 
LLO-P FLEE | STLR | IES | BESS | FLED | 8889 Bhbnk $20.8 o64.01 I TtL aq 8PT-9T | SF 


! H 


apy | mst | ‘wey | are 


"HOt | “ug ‘Ukg | bite mg "wg 5 we | wag tee 


Speen ene LONH 


—— eC att edie een etal 
—— —_— _-—s ow . 


362 . Camunts. 


CEMENTS. 


Shell-ine Cement, or Liquid Gluc.—Fine orange shell lao, bruised, 4) 
oz.; highly rectified spirit, 3 oz. Digest in a warm place, frequent- 
ly shaking, till the shell-lac is dissolved. Rectified wood naphtha! 
may be substituted for spirit of wine, where the smell. is not: 
objectionable. This is a most useful eement for joining almagt any, 
material. 
. Shelltoe Cement, without Sparvtt—Boil 1 ex of borax in 16 oz. 
‘water; add 20z powdered shell-lac, and boil in a covered veseel: 
‘till the lac is dissolved This ape than eh : apie and for 
many purposes, answers very well. are usefal in fixing paper 
labels is tin, and to glass when exposed tadamp - ! 

Keller's Armenian Cement, for Glass, China, dc.—Seak 2 dr. of 
ent: isinglass in 2 oz of water for 24 hours; bail tol oz. ; add 1 oz. 
of spirit of wine, and strain through linen Mix this, while het,’ 
with a solution of 1 dr of mastic in I on of rectified spirit, and: 
triturate with 4 dr. pawdered gum ammoaniac, till perfectly homeo- 
geneous, ee, I 

Dr. Ure Diamond Coment.—Tsingtass, t o> distilled water, 
6 oz.; boil to 3 az, and add 1} 04 of rectified spire. Boil for a: 
minute or two, strain, and add, while hot. first, $ oc of a milky| 
enulsion of nanmaniac, and then 5 dr of tincture of mastic 

Hoente’s Cement, for Glass er Earthenware—Shelltac, 2 parts;! 
Venice turpenitine, I part: “ Phase together, and form into sticks. | 

Cheese: Cement, for Hartlenware, &e—Mix together white of egg: 
beaten to a froth, quick-lime, and grated eheesa Beat. them to a) 
paste, which forms an excellent. eement. | 

Cirrk Coment.—-Add } pint of vinegar to-f pint ef skimmed miTk. 
Mix the curd with the whites ef 5 eggs well beaten, and safcient 
powdered quick-lime to form a paste. Ft resists water, and a mede-| 
rate degree of heat. 

Chrmere ne Spar and Marble Ornaments, &e.—Melt tere-i 
ther & perts of resin, 2 ef wax, and stir in 4 parts eras rave as: 
many be required, of Paris plaster. The pieces to be made hot. | 

__Eenaler's Cement:—Grind 8 parts of Ntharee 2 of recently burnt, 
lime, and ? of white bole, with linseed? oi? varnish. This is » very 
tenacious eerment, but it takes considerable time to dry. : 

Singer's Coment, for Blectyton? Machines an? Galvanic Prowghe.—: 
Melt: togethet 5 Tha of resin, and t Ih ef beeswax, and stir fn ? Th: 
of red ochre (highly @ried, and stilt warm), and 4 97. of Paris plas-' 
ter, eontinaine the heat a little above 212°, and etirring constantly, 
til? al? frothing ceases, Or (for troughs), resin, 6 Ths > dried red} 
ochre, 1 Ih ; ealeined plaster of Paris, 3 1b. > limsced ofl, 2 Ty | 
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Composition for weg Cant Seeel.—Take of borax, 10 parts , sal 
ammoniac, 1 part; grind or pouad them roughly together - then 
fuse them in a metal pot over a clear fixe, taking care to cont:nue 
the heat until all spume has disappeared from the surface, When 
the liquid appears clear, the composition is ready to be poured out 
to coof and concrete; afterwards, being ground to a fine powder, tt 
is ready for use. * * ¥* To use this composition: The steel to 
be welded is first: raised to.a “bright yelluw” heat, it is then 
dipped ameng the welding powder, and again placed in the fire, 
until it ‘attains the same degree of heat 4s é; it is then ready 
to be placed ander. the hammer. 


Cast-Iron Cement—Take of clean iran borings, or turnings, 1 
ewt.; of salammonige 8 oz ; and 1 og. of flour of sulphur. Mix 
them thoroughly, and add sufficient water. If the cement is not to 
be itmmediately used, care shi uld be taken to keep the mixture 
soaked in water; if left dry, the. cement will heat, aud be spoiled. 


Cement for Steam Pipe Joints, dc, with Foeed . Flanges —To 2 
parts of white kad mixed, add 1 part of red lead dry, grind, or 
otherwise mix them, te a consistence of thin putty, apply inter- 
posed layers, with one or two thicknesses of canvas or gauze wire, 
as the necessity of the.case may require. . 


Gluea—1. A very strong glue is formed by throwing a small 
quantity uf powdered.chalk into melted commenigiue. =. 

2. To make a glue which will reset the action of water—boil 
one pound of common glue in two quarte-of skimmed milk. 


Botany Bay Cement.—Take 1 part of Botany Bay gum, and melt 
and mix it with 1 part of brickdust. 

Cap Cement.—As Singer's; but l pound of dried Venetian red 
may be substituted for the red ochre and Paris plaster. 

Bottle Cement —Resin 15 parts; tallow 4 (or wax 3) parts; highly 
dried red ochre 5 parts) The common kinds of sealing-wax are 
also used. 


Turner's Cement —Beeswax 1 0z ; resin $ 02; pitch } oz. Melt, 
and stir ia fine brickdust. 

Coppersmith's Cem-nt.—Powdered quick-lime, mixed with bul- 
lock’s blood. and applied immediately. 

Engineers’ Cement.—Fqual weights of red and white lead, with 
drving oil. spread on tow or canvas. This is an admirable compo- 
sition for uniting large stones in cisterns, dex 


Fron Cement for Closing the Joints of Iron Pipes.—Take of iron 
borings, coarsely powdered. 5 Ibs. ; of powdered sal-ammoniac 2 
| oz; of sulptiur 7 oz: and water sufficient to moisten it. This com- 
| osition hardens rapidly; but if time can be allowed it sets more 
| firmly withont the aniphur. It must be used as soon as mixed, and 
‘rammed tightly inte the joints. 
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Cement for Steam Pipes—Good limseed oi) varnish ground, with 
equal weights.of white lead, oxide of manganese, and pipeciay. 

Gaks Hydraulic Cement—Powdered clay $ tbe ; oxide of iron 
1 1b ; and boiled oil to form a stiff paste. 

Cements for Masonry of Chambers of Chlorine, &c.—Equal parts. 
of pitch, rosin, and plaster of Paris. 

Roman Cement.—\ bushel of slacked lime; 2$ tbs. of greet cop- 
peras; and 4 bushel of fine gravel sand. The copperas should be 
dissolved in hot water. It must. be stirred with a etiek, and kept} 
stirred continually while in use. Care should be taken to mix at 
once as much as may be requisite for one entire front, as it is very | 
difficult to obtain the same shade or color & second time. It euvht | 
to be mixed the same day it is used. This is the Enghek Roman 
cement. . | 

The genuine Roman cement consists of the pulvis puteolanus, or 

zzolene, a ferruginous clay from Puteoli, calcined by the fires of 
Vocuvius lime, and sand, mixed with soft water. The only prepe- 
ration which the puzzolene undergoes is that of pounding and 
sifting; but the ingredien:s are occasionally mixed with buileck’s 
blood and suet, te give the eomposition greater tenacity. 

Seal Engravers’ Cement.—Resin 1 part, brickdust I part’ Mix, 
with heat. | 

Marine Cement, commonly called Marine Glue.—Cut eaoutchoue 


‘ito smalb pieces, and dissalve it, by heat and agitation, in coal 


naphtha. Add to this solution powdered shell-lac, and heat the 
whole, with constant atirring, until combination takes place; then 
pour it, while hot, on metal plates, to form sheets hea used, it: 
must be heated to 280° Fah, and applied with a brush 


Liquid Glue.—Dissolve bruised orange shell-lac in 3 of its weight 
of rectified spirit, or of rectified wood naphtha, by a gentle heat It, 
is very aseful as a general cement and substitute for giue. Another 
kind may be made by dissolving I oz of borax in 12 az of soft! 
water, adding 2 oz of bruised shell-lac, and boiling till dissolved, | 
stirring it. constantly. -_ _ 

Bank Note Glue.—Dissolve 1 Ib. of fine glue, or gelatme, m: 
‘water; evaporate it till most of the water 1s expelled; add 3 Ib. of | 
brown sugar, and pour it into moulds: Some adda httle lemon 
jaice. It is also made with 2 parts of dextrine, 2 of water, and } 
of spirit. 

Maissini's Cement, as an Air-Tight Covering for Bottles, de.— 
Melt india-+rubber (to which 15 per cent. of wax or tallow may be 


added), and gradually add finely powdered spate till a change 
P 


of odor shows that combination has taken place, and a proper eon- 
sistence is obtained. 


Cenent for Attacking Metal Letterson Plate Glase.—Copal varnish 
15 parts; drying oil & parts; turpentine 8 parts; oil of turpentine 


—— 
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| 2 parts; liguified glue 5 parte, Melt in a water bath, and add 10 
: parts of slacked lime. | 
| Japancee Cemcnt.—Mix rice flour intimately with cold water, and 
| boil gently. 
| French Cement—Mix thick mucilage of gum arabic with pow- 
| dered starch. : 
| Ste.e Cement.—River saud 20 parts; lithange 2 parte; quick-lime 
|i part. Mix, with linseed oil | 
Plunbderd Cement.—Resin 1 part; brick-dust 2 parts. Mix, with 
heat. 
' Parisian Cement.—Gama arabic 1 0z.; water 2 0z; sufficient 
elarch to thicken. 
_ Cement for Floors.—The following style of floor js well adapted 
. for pluin country dwellings: Take two thirds of lime, and one of 
cont ashes, well sifted, with a small quantity of loam clay; mix the 
whole together, temper it well with water, and make it up into a 
heap; let i lis six or seven days, and then temper it again. After 
this, heap it up for three or four days, and bepres the tempering 
very high, till it becomes smooth, yielding, tough, and gluey. The 
ground being then levelled, Iay the fuer therewith about 2} or 3 
inches thick, making it smooth with a trowel. The hotter the 
edasen is the better; when theroughly dried {t makes a capital 
fioor. Should a better looking floor be. desired, take lime of rag 
stones, well tempered with white of eggd, and cever the floor half an 
jiavh thick with it before the under flgoriag is too dry. If this be 
well done, and the feor thoroughly dried, it will look, when 
rubbed with.a little oil, as. traysparent as metal, or glass. - . er 


Common Pasie.—To a table-spoonful of flour add gradually half a 
int of cold water, and mix till quite smooth; add a pinch of pow- 
dered alum (some add a small pinch of powdered rosin), and boil 
for a few moments, stirring constantly. The addition of a little 
brown: agar; and a few grains of eorrosive sublimate, will, it is 
‘ said by practical chemiata, preserve it for years. 
| Soft Cement.—Melt yellow wax with half its weight of common 
| turpentine, aad stir in a little Venetian red, previously well dried 
| cai finely powdered. This cement does very well as temporary 
stepping for jomts and openings in glass and other apparatus, 
| where the heat and pressure are not great. 
Luteo, or Oements, for Closing the Joints of Apparatus.—Mix 
Paris plaster with water to a eoft paste, and apply it immediately. 
| It bears nearly a red heat. It may be rendered impervious by 
rubbing it over with wax and oil. 
Another.—Slacked lime, made into a paste with white of egg, or a 
solution of gelatine 
Another, Fat Lute—Finely powdered clay, moistened with 
water, and beaten up with boiled linseed oil. Roll it into cylinders, 
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nd press it on the jomts of the vessels, which must be perfectly 
lry. It is rendered more secure by binding it with strips of linen 
moistened with white of egg. ' 
Another.—Linseed meal beaten to a paste with water. 
Another.—Slips of moistened bladder, smeared with white of | 


"ES 

Fire and Waterproof Cement.—To half « pit of milk put an 
>qual quantity of vinegar, in order to eurdle it; then separate the 
urd from the whey, and mix the latter with four or five eg 
seating the whole well together. When it is well mixed add a 
ittle ime through a sieve, until it. has acquired the consistence of a 
hick paste. With this cement broken vessels may be united. It 
resiste water, and, to a certain extent, fire. 


Fire Lutes.—The following composition will enable glass vessels 
‘0 sustain an incredible degree of heat: Take fragments of porce- 
lain, pulverize, and sift them well, and add an equal quantity of 
fine clay, previously softened with as much of a saturated solution 
of muriate of soda as is requisite to give the whole a proper con- 
sistence. Apply a thin and uniform coat of this composition to the 
nar vessela, and allow it to dry slowly before they are put into 
the fire. 


Another.—Equal parts of coarse and refractory elay, mixed with 
a little hair, form a good lute. 


A Cement for Stopping the Fissurea of Iron Vessels.—Take two 
ounces of muriate of ammonia, 1 ounee of flour of sulphur, and 16 
ounces of cast-iron filings, or turnings. Mix them well in a mortar, 
and keep the powder dry. When the cement ts wanted take one 
part of thie and twenty parts of clean iron filings, or borings; grind 
them together in a mortar, mix them with water to a proper con- 
sistence, and apply them between the joints. This cement answers 
for flanges of pipes, &ec., about steam-engines. 


| Genuine Armenian Cement.—“ The jewellers of Turkey, who are 
mostly Armenians,” says Mr. Eton, a very intelligent traveller, and 
at one time a resident and consul in that country, “have a smgular 
method of ornamenting watch cases, d&o., with dianionds and other 
precious stones, by simply glueing or eementing them on. The 
atone ia set in ailver or gold, and the lower part of the metal made 
flat, or to correspond with the part to which it is to be fixed. It 
is then warmed gently, and the glue applied, which is se very 
strong that the parts thus cemented never separate. This glue, 
which will firmly unite bits of glass, and even polished steel, and 
may of course be applied to a vast variety of useful purposes, is 
thus made:—Dissolve five or six bits of gum mastic, each the size 
of a large pea, in as much spirits of wine as will suffice to render it 
liquid; in another vesse] dissolve as much isinglass, previously a 
little softened in water (though none of the water must be used), in 
French brandy, or good rum, as will make a two ounce phial of 
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very streng glue, adding two small bits of gum galbanum, or ammo- 
‘nlaeum, which must be rubbed or ground till they are dissolved. 
Then mix the whole with a eufficient heat, keep the glue ia a phial: 
! closely stopped, and when it is to be used set the phial in boiling: 
water.” 
Axother.—Thick isinglass glue 1 part; thick mastic varnish 1, 
(part, Melt the gine, mix, and keep it in s closely corked pbial. 
| For use, put the phial in het water. 

| Klastie Cement for Belis.—Dissolve in good brandy a sufficient: 
quantity of isinglase, so as to be as thick as molasses. 


A sery stroug Carpenters’ Glue—Dissolve an ounce of the best 
isinglass, with a moderate heat, in a pint of water. Take this solu- 
tion, and strain it through a piece of cloth, and add to it a preper- 
tionate quantity of the best glue, which bas been previously soaked 
for about tweniy-four hours, and a gill of vinegar. After the whule 

| of the materials have been brought into a solution, let it once boil 
up, and strain off the impurities, This glue is well adapted for any 
werk which requires particular strength, and where the joints them- 

| selves do not contribute towards the combination of the work; or 

jin smafl fillets and mouldings, and carved patera, that are held on 
the surface by the glue. 


A Glue for Inlaying Brass or Silver Strings, &e.—Melt sour gine 
as useal, and to every pint add of finely powdered rosin and finely, 
j powdered brickdust two spoonfuls each; ineorporate the whats 
ene and it will hold the metal much faster than any common 
gine 
A sarong Glue that will resist Moieture—Diesolve gum sandarac! 
| and mastie, of eaeh } of an ounce, int of a pint of spirit of wine, to 
whieh add tof an ounee of clear turpentine. Now take strong 
glue, or that in which dinglass has been disselved; then, putting} 
the gums into a double glue-pot, add by degrees the glue, con-; 
j stantly stitring it over the fire till the whole is well mixed; then: 
letrain it through « eluth, and it is ready for use. You may now: 
retura it inte the glne-put, and add 4 an ounce of very finely pow-| 
| dered glaas; use it quite hot. If you join two pieces of woud toge-; 
ther with it you may, when perfectly hard and dry, immerse it in| 
i water aud the joint will not separate. | 


A Paste for laying Cloth or Leather on Table Tops.—To a pint of 
the best w a flour add two table spoonfuls of finely powdered: 
rosin, and one spovntul of powdered alum. Mix them well together, 
put them into a pan, and edd by degrees rain water, carefully: 
stirring it till it is of the consistence of thinnish eream; put it into’ 
@seucepan over 8 clear fire, keeping it constantly stirred, that it, 
may not fet lumpy. When it is of a stiff consistence, so that the: 
spoon will stand upright in it, it is done enough. Be careful to stir: 


_ 
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it well from the bottom, for it will burn if not well attended to,' 
Empty it out into a pan, and cover it over till cold, to prevent & 
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skin forvaing en the top, whieh would make it lumpy. Thie bet 
is very superior for the purpose, and adhesive. To use it for cloth; 
or baize sprend the paste evenly and smoothly on the top of the; 
table, and lay your cloth ou it, pressing aud smoothing it with ‘a! 
flat piece of wood ; let it remain till dry; theu trim the edges close; 
to the oross-banding. If you cut it close at first is will, im drying,! 
shrink and look bad where it meets the banding aH round, = 1f used} 
for leather, the leather must. be firat previously dampened, aad thie} 

then spread over it; then lay it on the table, and smb it. 
smooth and level with a linen cloth, and cut the edges close te the 
banding with a short knife. Some lay their table-cover with glue 
instead of paste, ahd for cloth perhaps it is the best method ; bat; 
for leather it is not proper, as glue is apt to run through. In using 
it for cloth, great eare must be taken that your glue is not too thin, 
and that you rub the cloth well down with a thick piece of weod 
made hot at the fire, for the glue soon chills You may by this 
method cut off the edges close to the border at once. 

Cement Stopping. —Mix equal quantities of sawdust, of the same 
wood required to be stopped, and clear glue; and with this stop. 
up the holes or defects of the weod. Where the surface is te be 
japenned ov painted, whiting may be wed instead of sawdust. Be 
sure to let the stopping dry before you attempt to finish the surface. 


Mahkogany-eolored Cement,—Melt two ounces of beeswax, and 
half an ounce of rosin, together; then add half an ounce of Indian} 
red, and a sinall quantity of yellow ochre to briag the cement to 
the desired color. Keep it in a pipkin for use. 

4 Cement ta stop Flaws er Cracks in Wood of ewy Coler.—Put 

-any quantity of fine sawdmat, of the same wood yeur work is made. 
with, into ap earthen pan, and pour beiling water on it, stir % 
well, and let it remain for a week or ten days, occasionally stirring 
it; then beil it for some time, and it will be ef the consistence of} 
pulp or paste ; put it into a eoarse eleth, and squeeze all the meis-: 
ture from it. Keep for use, and whea wanted mix a safficient' 
quantity of thin gine to make it into a paste; rub. it well into the 
eracks, or fill up the holes in your work with it. When quite hard 
and dry, clean your werk off, and, if carefully done, you will 
searcely discover the imperfection. | 

Fireproof Slucce for Wood, de—Take meist gravelly earth (pre-| 
viously washed) and make it into stucee with the following eem-; 
position: Pearlashes two parts; water five parts; commen clay! 
one part. It has been tried on a large scale and found to answer. | 

Terra Cotta-—-Potter’s elay, Ryegate sand, and water, each a suf- 
ficient quantity. Model and bake 

Pews Composition for covering Buildings. —Take the hardest and 
purest limestone (white marble is to be preferred), free from sand, 
clay, or other matter ; ealcine it in a reverberatory furnace, pulverize. 
and pase it through 2 sieve. - One part, by weight, is to be mixed 
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with two parte of clay well baked and similarly pulverized, con- 
ducting the whole pee with great care. This forms the first 
powder. The second is to be made of one part of calcined and pul- 
verized gypsum, to which is added two parts of clay, baked and 
pulverized. These two powders are to be combined, and intimately 
incorporated, so as to form a perfect mixture. When it is to be 
ecsed, mix it with about a fourth part of ite weight of water, added 
gradually, stirring the niass well the whole time, until it forms a 
thick paste, in which state it is to be spread like mortar upon the 
desired surface. It becomes in time as hard as stone, allows na 
| Moisture to penetrate, and is not cracked by heat. When well 
prepared it will last any length of time. When in its plastic or 
soft state, it may be colored of any desired tint. 
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TABLE 
Of Analysis of certain Organic Substances, from the best 
authori 


ittes, 


Carboa. | Hydrogen. [ Oxygen. | Nitrogen. | Total. 


42°225 6°600 | 51°175 


100 


Starch, . . . 44°250 6674 | 49°076 —_ 100 
Gum... . 42°682 6-874 | 50°944 — 100 
Lignin, . . . | 52°58 5-69 | 41-78 — | 100 
Tannin, . . . §2°590 3°825 | 43°585 — 100 
indigo, é 73260 2°500 | 10°48 13°81 | 100 
Camphor, .. 73°38 10°67 14°61 84 {| 100 
Caoutchouc,. . 87°2 128 — — 100 
Albumen, .. 52883 7°540 | 23-872 15-705} 100 
Fibrin . . §3°36 7021 | 19°685 19 984; 100 
Casein, . . . §9°781 7-429 | 11:409 21°381; 100 
Urea, . a 18°9 9% 26°2 45:2 100 
Gelating. . . 47°881 7914 | 27 207 16°998; 100 
Picromel, . . 54°58 1°82 43°65 _ 100 - 
Hordein,. .-. | 44°2 64 6|-47°6 18 | 100 
Emelin, . .. 64°57 7717 22:95 4°3 100 
Veratrin,. . . 66°75 8°54 19:60 5°04 | 100 
Cinchonin, . . | 77°81 1°37 5938 | - 8:89 | 100 
Quinin, ay ie 75°76 7°32 861 8°11 | 100 
Brucin, 9 70°88 6°66 17 39 5°07 | 100 
Strychnin, . . | 76°43 670 | 11-06 5°81 | 100 
’ Nareotin, . . 65°00 5°50 26°99 251 ; 100 
Morphin. . . 72°340 6°366 | 16°299 4°995 | 100 


TABLE. 
To Culeutate the Pitch of a Toothed Wheel, wien the radius and 
number of teeth are given = and the ravivs, whin the pitch me 
number of teeth are given, from 10 to 159 tooth. 


; iP: 
Radian. j 62 | Radpe. 
Ze 

}°41'244 20-692 

11°303 90°851 

11-463 21-010 

r1-622 21-163 

11-781 21-328 

13-940} - 21-488 

12-099 21-647 

12-258 23-806 

12-427] | 21965 

12°576'- 22-124 

12°738 22-283 

12°895 22-442 

13°0541. 22-602 

13-218 22-761 

13-370 22-920 

| 13°631 23:079 
13690 23°238 
13°849 28 397 
14:008 23-556 

14168 23716 

| 14327 28:875 
| 14-486 24084 
14°645} . 24/193 
14-804 24-352 

| 14-963 24°511 
| | 15-122 24620 
| 15°281 24-830 
15-440 24°989 

15600 25148 

15°759 25°307 


Rute 1.—Divide the required radia by the acta opposite the 
given number of teeth in the table; the quotient: will be the 
required pitch of the wheel. 

Example. To find the pitch of a wheel whose radius is 43 
inches, that shall contain 90 teeth: ; 

Required radivs 48 +- 14-327 = 38-inch pitch. 
Rute 2.—Multiply the radius opposite the given number of 


teeth in the table, by the pitch requited ; the preduct will be the 
requined radius of: the, wheel... 


Example, To find the radius of # wheel thai shall contain 48} 
teeth of 24-inch pitch: 


In the Table, radius 4 645 x 2°5 = 197 inches nearly. 
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Circum. Pounds. , || Circumfer. ‘Deana: — 5 Pounds, 


ee 


— 


]- 
,. 14°50 | 25280- 


' 
—— 


6:. || 4820° : |} 10°25 | 12607°5 |. , 
6°25 |: 4687-5 |] 10°50 | “132390- 14°75 | 26107°8° 
6°50 |: 50%0° ||: 10°78 | -49867°5 [- 15! -<27000° 

6°75 || 6467°5 || 11° 14526° |} 15425 | 27907°5 

/ tees 5880 ' 11°26 | “18187°5 ||” 15°50 | 28880- 

4°26 |! 6807°5. || 11°50 | -3687@° ||-:15'°75 |--29767°6 
7°50 |: 6750° || 11°75 | 16567°5 | 16° _ 80720° 
"75 1° 7207°5 || 12° 17280° “li 16°25 | -31687°5 
8: |) 7680° |] .12725 | -18007°5 | 16°50 | -.g2670° | 
8°25 | 8167°5 || 12°50 | 18750- || 16°75 | 83667°5 
8°50 |: 8670: |1“1275 | 19607°5 || 17° 84680° 

8°75 9487°5. ||. 13° Q0280- 4.17125 | - B5707°6: 

9° 9720° || 18°25 | 21067°5 || 17°50 | 86750" 
9°25 |. 10267°5 || 18°50 | 2187Q- “]}° 17:75 | 87807°5° ft: 
9°60 |: 10880- .18°79 | 22687°5 |] . 18° - 38880° 

9°75 |' 11407°5 |] 14° | 28520: 18°25 | 39967°5 

10° "12000" 14° 25 24867°5 |: St 


Fo .aacertain the Strength of Cablés.—Multi ly the’ square of the 
cirgumferénce in inches by 120, and the pro net is the weight the | 
cable will! bear in pounds, with safety. 

Fo ascertain the Strength : Ropes. —Multiply the. square of the| 
eirqumferdnce . in inches by 200, and it gives ve weight the rope 
will bear in pounds, with safety. 

To ascertain the Weight of Manilla Ropes and Hameere —Multiply 
the squard of thé circumference in iaches by 03,'and the pears 18 
the weight in pounds of a. foat in Jength, ... | 

This is but an approsmation sufficiently corfect fe for many pur- 
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TABLE 
Showing the Size of Cables and Anchors proportional te the Tonnage 
of Vessels. 


Cables. | Chain Ca- Proof | Weight of Weight of | Weight of 
Tonnage of | Circumfer. jbles. Diam. in ‘Anchor ie a fethotn of/ a fathom ot 


vessels. || ininches. | in inches. tona. po Cable. 
5 3 + 3 - -66 5°4 2°1 
g | 4: ‘§ 1° 84 8: 4: 
10 | 4°} ty 2:4 112 11° 4°6 
15 | 5°} “4 4: 168 14° 6°5 
25 | 6° Sr 5 224 17° 8-4 
40 6°4 4 6 836 24° 9°8 
eo | 7 aot gy goo | at | 12-4 
75 | 74 cz; 9 532 80° 18° 
100 8° “13 10- 616 36° 15° 
130 9° t 12 700 42° 18°9 
150 | 9°34 “1g | 14: 840 50° | 21: 
180 | 10°4 1: 16° 952 66° | 95°7 
200 | 11° 1*+, 18: 1176 60° 28° 2 
240 |; 12° 1't 20° 1400 70° 83°6 


270 | 12°4 ee 1456 78° 86°4 
820 | 18°4 1° 22° | 1680 86° | 42°5 


860 | 14: lq} 25° 1904 96° | 45-7 
400 | 14:3 | 1-8 Q7° 2072 | 104° | 49- 

440 | 15-3 | 1:yy | 80° 2240 | 115° | 56: 

480 | 16- 1-4 83° 2408 | 125° | 59°5 
520 | 16-4 | 1 | 86° 2800 | 186- | 63-4 
570 | 17> |g 89° 8360 | 144° | 67-2 
620 | 17-3 | Ide | 42° g920 | 152° | 71-1 
680 | 18° 1% 45° 4200 | 161° | 75:6 
740 | 19° 1:13 | 49° 4480 | 172° | 84-2 
820 | 20° 1% | 52 5600 | 184: | 98-8 
900 | 22: 11g | 56: 6720 | 196: | 112-9 


1000 | 24: 1° 60° 7168 208° 134°6 
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Sere 2a TABLE aes 
For a the Strain that may be applied to a Hempen ‘pee with 
safety. 
Circumfer.| Pounds. | Circumfer. Pounds. 
Lt 3°50 2430- 6° 7200: 
1 3°78 2812°5 6°25 7812°5 
1° 4° - 8200° 6°50 |  8450- 
1 4°25 3612°5 6°75 9112°5 
2 4°56 4050°- 1. & 9800° 
- “2 4°75 4512-5 7-95 | 10512°5 
2° 5° 5000° 7°50 | 11250¢ 
2° 5°25 5512°5 7°76 | 12012°5 
3 5°50 | 60507 | 8° 12800° 
3 5°75 | 6612°5 - 


TABLE 


Of Weight of Copper sas or Bolis, from } to 4 inches in macail 
ni 1 foot in length. 


dina) =Poucdae | pias | Ppeada 
-1s92 «| 14 8-831 
2956 1-3, | 42688 
‘4256 14 4°7298 
‘5794 15 | 62140 
15617. 18 5°7228 
9578 1+, | 62547 
11824 1+4 6-8109 
1:4307 || - 1-2 |, 73698 
17027 Ag | 79081 
19982 1%) | . 92702 
23176 1% | 10°6420 
26605 2° ' | 191082 
8°0270 ar! | 18-6677 
23. | 153261 


‘|| Diameter. 


Pounds. 


17-0750 
18-9161 
20°8562 
928918 
25:0188 
21-2435 
29 5594 

819722 
34°4815 
87-0808 
89°774 
42-5680 
45°4550 
48'4380 
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Weight of a copper rod 12 inches long and 1 in. diameter = 
3°039 lbs. 

Weight of a brass rod 12 inches long and 1 inch diameter = 2°86 
Ibs, 


TABLE 


Of the Weight of Riveted Copper Pipes, from 5 to 80 inches in 
diameter, from 8 to ;*; thick, and 1 foot in length. 


se| fs| 3 ne a. | £. =, ai/ <, 
aS £ 23 £2 = ev 23 2s 

as|e*| 68. | 2° | EF) se | ee et] 

5 | 3 | 19-497 | 93] 4 | 80598 | 19° | 4 | 60-142 
5 | 4 | 16880 | 10° | 4° | 32208 || 19°| 58 | 75-288 
54; 3 | 136298 | 11- | 4 | 35200 90°] 5 | 78-208 
54| 4 | 18395 || 12° | 4 | 88-456] 21-1 5 | 82-984 
6 | 3 | 14765 | 18° | 4 | 41-456 || 92°| 5 | 86-773 
6 | 4 | 19°908 | 14 | 4 | 44640 || 98°| 5 | 90°57] 
6-41 3 | 15°897 | 15° | 4 | 47-646 |] 24°] 5 | 94:808 
64] 4 | 21415 | 15° | 5 | 59588 || 25°] 5 | 98-122 
i 1 8 | 17-034] 16 | 4 | 50752 || 26-| 5 | 101-897 
h | 4 | 29-982 || 16 | 5 | 68-470 || 27-1 5 | 105-700 
74| 4 | 24447 || 17° | 4 | 58-856 || 98°] 5 | 109-446 
g- | 4 | 25°961 1 17° | & | 67-844 | 29-1 5 | 118-221 
s4| 4 | 27-471 || 18° | 4 | 57-087 | 80°| 5 | 116-997 | | 
9 | 4 | 28-085 || 18° | 5 | 71-258 


The above weights include the laps on the sheets for riveting and 
caulking. | | 

The weights of the rivets are not added; the number per linear | 
foot of pipe depends upon the distance they are oe apart, and 
their size upon the diameter of the pipe. 


TABLE 


Showing the Capacity of Cisterns in Gallons. 
For each 16 Inches in Depth. 

Feet Feet Feet Feet | 
Diam, Diam. Diam. Diam. 

2 19°5 5 122-40 8 318-88 12 705° | 

24 | 306 5} | 148-10 84} 3853-72 | 18 8274 | 

8 44°06 || 6 176°25 9 396°56 14 959°6 

84 | 59°97 ]| 6% | 206°85 94 | 461-40 15 | 11018 

4 78°38 || 7 289-88 || 10 489°20 20 | 19584 

44 | 99°14]] 74 | 275-40 |} 11 | 59240 |} 25) 1 80899 | 


‘Wricut or Copper, Leap, anp Iron. 27 


TABLE 
Containing the weight of a Square Foot of Copper and Lead in lbs. 
avoirdupois, from 3; to 4 an inch in thickness, advancing by 4.. 


Thickness. Copper. Lead. Thickness. | Copper. Lead. 
ei Eee I 
a 1°45 1°85 | t and x | 13°07 | 16-62 
its 200 | 870 | ¢ * gy | 14e2 | 18-47 
as 4°35 554 | £ “ se | 15°97 20°31 
t 5°80 739 «|| 4 17-41 | 2216 
$ and 7:26 9°24 | #* sb | 1887 | 24-00 
+“ 4 871 | 11-08 @ “ sk | 2032 | 25-85 
x“ 8 | 1016 | 12-98 $“ 8 | 2177 | ar-rz0 
3 161 | 1477 |} 4 | 23-29 | 99°55 
TABLE 


Of the Weight of a Square Foot of Sheet Iron in Ibs. avoirdupoia, the 
thickness being the number on the wire gauge—No. 1 is 7, of an 
inch; No. 4,3; No. 11, 4, de. 


No. on aah | | | 
gauge, . 1 2 3 4 5 6 | 7 | 8° 


Pounds 
avoirdu, 


| ae5 | 12 8 | 75) 7 


Sobel Ime dt | as | ae ea 


3°95 | 3 


No. on a | 
| gauge, . 17 18 
Pounds | | 

avoirdu., 25 | 218) 1908} 162] 15 } 1°87 


TABLE 


Of the Weight of a Square Foot of Botler Plate Iron, from } to 1 
inch thick, tn /bs. avoirdupote. 
a" BDirilt os +et 9 12 “2 hi itis; I2'z2|isnmmn 
ar ae! TURAL tt) fe Fle in. 
20 


5 | 7°5|10| 12°5|15) 175/20) 22-6125) 27°5180| 82°5 


Aca a at A A RL A I AA TES 


35 


25 87°5| 40 


cE 


FABLE 
_ Showing the Quantity of Water per Lintor Foot in' Pumps, or 


Vertical Pipes of different Diameters, 


Diameter of | Number of 


gallons per |cubic feet per | of ptmp | gnilons per | cubre feet 
inear foot. | linear fuot. in inches.) linear foot. | per linear foot. 
So ee 
136 0218 8 .| 12°776, 3490 
“172 0276" |' S$ | '2°314 8712 
912 | :-0840- St °| 12-456° | | -3940 
°257 0412» 8% | :2°608° || -4175 
306° | - 0490 ) ‘2°54 | | -4417 
359 | 0576" |! 92 "| 12-909 || -4668 
416 | --0b68.; || 94 -} '8:008" | + -4923" 
478 | . O66" of | '8-232.-/! -5184 
544 | “0872: |' 10 :3°400. | , 5454 
614 0985 |i 10¢ ‘| ‘8-372 ‘| | -57380 
688 1104 |! 10 '8748 |‘ -6013 
‘167 "1230 102 8-929 6802 
850 1368 <|- #1’. 4114 "6599 
. 9377 ‘1508 llf 4°308 6902 
' 2028 f ‘1649 ° | -124 4496 “7912 
- 1-724 11803 il 112 4°694 “1529 
1224 "19638 12 4°896 1853 
1:328 2130 |) 123:| Bale "8521 
1'436 2804 |} 18 | | 5 °746: ‘9217 
P49 | [2489 7], TSE oL8S™ | | 9939. 
'1:666: | ‘2B72 |} 14 | , 6664. 1 11-0689 
1-787 2866. 16 7650 1°2271 
1-912: 3067. || 16 8-704 | 1:3962 
3275 18 11-016 


2042 . 


t 


Number of | 


Diameter 


Number of | Number of 


1°7670 


Exampler ithustrative of the Uttttty of the Tabie. - 

1. Required the quantity of water lifted’ by each stroke of the 
bucket of a 93-inch pump, the length of the stroke being 2} feet. 

3-068 x 2°25 = 6:903 gallons, each stroke. 

2 What length of stroke with a 6-inch pump will be necessary 
to diacharge 44 gallons of water per minute, the number of strokes 
being 18 in the given time? : 

. ° 44 > - + oN Cates . 
isrnis =? feet, the length of atroke. 

8. What must be the diameter capable of raising 25 eubic ‘feet of 
water per minute, the length of the stroke being 24 feet, and| 
making 16 effective strokes per minute f | : 


x 


27y 


25 
25x 16. 


= ‘625, or 10$ inches, nearly. 


Properties of Atmospheric Air.—It is by the oxygen of the 
atmosphere that combustion is sapported. ‘lhe common combusti- 
bles of nature are chiefly compounds of carbon and hydrogen, which, 
during combustion, combine with the oxygen of the atmosphere, and 
are converted into carbonic acid and watery vapor, different species 
of fuel requiring different quantities cf oxygen. The quantity re- 

uired for the combustion of a pound of coal varies from two to three 
the. Sixty cubic feet of atmospheric air will produce 1 Jb. of oxygen. 

The pressure or-fraid: properties of the atmosphere oppose bodies 
in passing threugh it, thé oppesing redistance increasing as the 
square of.the velocity of the body, and the resistance per square 
foot in lbs. as its velocity in feet per second, multiplied into ‘002288. 
Thus, suppose a locomotive engine in a still atmosphere, at a velo- 
city of 25 miles per hour, presents a resisting frontage of 20 feet; 
required the amount of opposing resistance at that velocity. 

25 miles per hour equal 86°67 feet per second. 

Then 86°67? x “002288 x 20 = 61°56 ibs., constant opposing force. 


‘ TABLE eu 
Showing the Number of Threads to an Inch in V-thread Screws. 


1§| 14 | 18 


Diam. in inches, 


1 


No. of threads, | 20/181 16 ‘ols{717 16 
Diam. in inches, | 14/18] 12) 16] 2 [22] 24 | 28] 3 | 32) 33 

No. of threads, 61/5 | 6 | 4d44e]-4 | 4 | 33] 339] 32] 3h 
Diam. in inches, 33 4 44 | 44 | 48] 5 | 54] 54/52] 6 | 
No. of threads, | 3 | 3 | 2%) 24 | 28 | 28/26 | 26 | 24] 2 


The depth of the threads should be half their pitch. The dia- 
meter of a screw, to work in the teeth of a wheel, should be such 
that the angle of the threads does not exceed 10°. 
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TABLE 


Of the component parts of one English pound avoirdupois of 7000 


grains of the following varieties of Wood. [Musuet. 


Description of Wood 


Sycamore, . 

olly,. . . 
Scotch pine, 
Beech, . , 
Elm, . .. 


5816°7 |1151°9} 31°4 


Beech, . 
Laburnum, . 
Lignum Vite, . 
Sallow, 
Chestnut, 


TABLE 
Of Properties of Gases. 
Atmospheric air being the standard of comparison, or 1000. 
Names. aay Names. 


Hydriodic acid gas, .| 4840 || Carbonic oxide gas, . 


Bireh,. . . . 
| Norway Pine, . 
Mahogany, . . 
! Chlorine “ “ ,| 2500 | Carburetted hy- 


Carbonie “ “ .| 1527 || drogen o 4 
Nitrous oxide “ .| 1527 | Prussic acid 4 
Cyanogen “| 1805 ||'Ammoniacal “4s 
Oxygen “ .| 1111 | Steam of water “ . 


| Hydrogen sd 


Pd gpl Color and degree of saturation 
Cab. ed Carbon. | Ashes. of the alkaline principle. 


5382°6 | 1587°8) 29°6 | grey, sharply alkaline. 
5688°2 | 1258-0} 53°8 | whitish blue, shrp. alk. 
5650°2 | 1224°4] 125°4 | brownish red, shrp. alk 
5630°9 | 1844°3) 24°8 | brown, not at all alk. 
5147-0 | 1784-4} 68°6 | grey, sharply alkaline. 
5544°0 | 1381-4) 74°6 | pure white, weakly alk. 
§524°4 | 1894°3) 81°83 pure white, sharply alk. 
rown, perceptibly alk. 
5737'3 | 1395-9] 66°8 | greyish white, shrp. alk 
5576°6 | 1370-2) 53-2 | grey, partially ee 
: ; : ure white, light as 
5496-5 | 1446-4| 67-1 Pease cals alk 
5553°2 | 1398-1} 537 | dark grey, sharply alk. 


5425°9 | 1801°8) %2°3 | brown, sharply alkaline. 


5196-4 | 1721-0} 82°6 | white & grey, partly alk. 
5083°0 | 18800} 85-0 | grey, sharply alkaline. 

56260 | 1294°8| '79°2 | light grey, sharply alk. 
5341°3 | 1629°6} 29°1 | grey, sharply alkaline. 


Scorews—ATMOSPHERE, 2i¢ 
TABLE 
Of Wheels for Screw-cutting ; the leading Screw being of 4 
inch pitch, or containing 2 threads ix an inch, 
g  -Numberof | g | | 
5 bia g Number of teeth in g Number of teeth in 
e¢ 
fea: (ila (idles [Ble [RB 
eS 2.18, | 22/2.) 89] $8] Fe | 38) 2, | 88] 82/8 
ss $3 3 || 33 o3 s S. 8 | os eS ice a 3 
$2 = 2 | 2s ~— =a] fat » a —s SP | Ms 
G- 23) 54 & | 3% $2] g*| 3 ge] se] se| ss 
PIE la le dlde ea FEE ls 
i | z z | ms FA SB a> 
1 |80{ 40 40 90 | 100 
1¢ 1! 80} 50; 20 | 180 
13:80; 60 20 | 120 
1$ | 80! 70, 20! 90 
2 |80/ 90) 9% 20 | 140 
231 80{ 901 10 20 | 120 
24 | 80 100] 104 20 | 150 
2 680} 110/ 11 20 | 140 
8 80} 120] 12 20 | 100 
3} i 80 | 130) 124 20 | 130 
8+: 80 | 140) 13 | 20 | 150 
3% | 80 | 150) 134 20 | 90 
4°40: 801 13% 20 | 140 
4} 40 85| 14 20 | 120 
44 40! 90] 14} 20 | 110 
4§ 40 | 95| 15 20 | 150 
5 | 40°° 100) 16 20 | 95 
5} | 40 | 110] 163 20 | 150 
6 | 40 120| 164 20 | 120 
64: 40 | 130} 17 20 | 120 
7 | 40, 140% 173 20 | 120 
7} | 40 | 150) 18 | 20 | 150 
8 | 80 | 120} 18§ 80 100 | 20 | 150. 80 | 90) 20 | 120 
| i 


| 


Temperature and Weight of the Atmosphere at various heighis. 


Height. 


Level of the sea, . 
One mile above, . 
Two miles above, . 
Three miles above, 
Four miles above, . 
Five miles above, . 


Temperature. 


60° 
43 
26 


Water heavier than the 
air, 


860 times, 
1,088 “ 
1,863 “ 
1716 “ 

2,160 
2,719 “ 
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Diameter in 


inches. avuirdupois. 
Bt 14°14 0:051 0°51 
1 56°55 0°205 2°05 
14 127-23 . 0°460 4°60 
2 226°19 . 0818 . 818 
24 853°43 ' 1-278 12778 
3 508 94 1°841 18°41 
34 692°72 ' 2506 25°06 
4 . 904-78 8°272 3272 
44 1145-11 ' 4142 41-42 
5 1413-72 6113 51°18 
54 1710°60 6187 61-87 
6 208575 7°368 78°68 
6¢ 2389-18 ' 8-641 86-41 
" 2770°88 | 10-022 10028 
74 8180-86 ° 11°605 115-05 
8 861911 . 13:090 130°90 
§4 4085°64 14-777 M777 
9 4580°44 16°567 165-67 
94 5103°52 | 18°459 184°59 
10 5654:87 - 20°453 20458 
104 62384°49 . 22-550 225°50 
11 6842°39 24748 247-48 
114 1478'56 27-049 270°49 
12 8143-01 29°452 294°52 


Wrictr or Waren rv ‘Press. 


TABLE — 
Showing how to discover the Quantity and Weight of Water in Pipes 


of any given size, 


Quantity in cubis -|Quantity in-imperia 
inches. gallons. 


Weight in Ibs, 


This table shows the quantity and weight of water contained in 
one fathom of length of pipes of different. bores from 1 inch to 12 
inches in diameter, advancing by half inch. The weight of a cubic 
foot of water is taken at 1000 ounces avoirdupois, and the impe- 
rial gallon at 10 lbs. 


. ae 
" if . 
. . 


ala iY used for ascertaining the quantity of Tallow, Oakum, and 
il that can be contained in Tanks for usé of Steam-vessets, 


Tallow, .. 59 lbs. in a cubic faot, 
Oakum, . - . 11 Ibs. in a cubic foot. 

Oilj ... 6:23 galls. in a cubic foot 
Coal, e : e e e *e@ 


45 cubic feet to a ton, 


a ee we comme etme cae te 
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Srzosic Geavitizs AND OTHER Proreenes or Bopms, 


| PROPERTIES OF BODIES. 
Tass, combining the Specific Gravities and other Properties of Bodies. Water the standard of Comparison, or 1000. 


PROPERTIES OF METAL PROPERTIES OF STONES, EARTHS, co 
5 |2alese28,| 221,218] § (sales t. s| 2 | §|s8 
% | Se [seeees 232/532.) 2 [zel83 B | eg | 3] Fe 
© | $3 (geeSes| Soo jo5 8s os SS 28 & {/ «S| sles 
BZ fog FsiS55| esi] oulce] = fssSee| Name | 2} SF | 8) sx 
R as (Ghnee5| Se-/s312°| 2 tsegs B) S22) 8s - 
a | 35 S588/"Se | 2 jasga @is |8|F§ 
Platinum, .. . 19500/3280 — — 1815 — —| 3°8 Marble, average 2720:170- 00118 9°25 
Pure gold, . . -/1925820165 — — |1]1 18 | 8 |10-0]| Granite, do. 26511165 °68)124)6-2 
Mercury,. . . - {13500} — — — |—|j—| — |—| — || Purbeck stone, |2601/162-56,13%/9-0 
Lead, . . . . ./11852) 612) 319 $1,8/7) 10 | 6 | 18] Portland do., . |2570160-62/14 [4:5 
Pure silver, . . .|10474/1873|} — — {|2;2 24 | 2! 97] Bristoldo, . |25541159-62/14 | — 
Biemuth,. . . .| 9828) 476) ‘156 | 1°45;—j;—j| 20 |—|— || Millstone, . . '2484/185-95144) — 
Copper, cast, . .| 87881996 198 | 8:51;)—|—} — {—| — | Paving stone, . }2415)150-931435-7 
«wrought, .| 8910) — — {15081 5] 8 28 | 1 | 89] Craigleith do, |2362/147-62,15 |5-0 
: = toany|__| _ |j Grindstone, . |2143/133-93,163/6°6 
SPARE CORE <5 fag | TERA IOOD), “B1Or. | “BON =) peas Chalk, British, |2781|178-81112810-5 
« sheet,. . .{ 8896) —| — | 12-28) 6 | 6 — |—| 86]| Brick, . . . |2000/125-0017 (0-8 
, py|__|__|§toany} | _ || Coal, Scotch, . |1800} 81°15.273) — 
Iron, cast, - « «| 7264/2786 125 7°87 ae 6s Newcastle,|1270 79°37/273 ies 
“ bar, . . «| 7700]; — | °187 | 25-00) 4 | 8 47 | 41/871 “ Staffordsh.|1240| 77-5029 | — 
Steel, soft, . . .| 7883) — 138 =| 58°91); — | — — —|— | “ Cannel, . (1288) 77°37/29 | — 
“ hard. . ./"e1e)—| — | —|—|—|{ sey) | — 
degree 
Tin, cast,. . . .| 7291) 442) -278 { 911) 8] 4 12 | 5} 80 
Zino, cast, . . .| 7190] 778) -829 5-06] 7 | 8 16 7 | 86 
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Properties. of Woods. — - : 
! . o 
"4B: = og Comparative 
leg $85 |— 
eo Sc28 i gi] al gs 
Names. es 5 to é 2 E 
& . 2*3 2ilalge 
English oak, . . . | 984 11880 | 100| 1001 100 
Riga do,. .. . .|872 12888 | 98/108] 195 
Dantzie do.,. . . . 756 12780 |117/107| 99 
American do., 672 10258 [114] 86] 64 
Beech, . ee tgs 852 12225 | 77] 108! 1388 
AIGC, oe: es ae 800 9540 | 63] 80; 101 
Plane, . F F 640 10935 | 78| 92} 108 
Sycamore, . . . . 604 96380 | 59/ 81) 111 
Chestnut,. . . . 610 10656 | 67/ 88/118 
shh. we ee eo 1845 14130 | 89-| 119) 160. 
Elm .... es . 673 9720 | 78 82{ 86- 
Mahogany, Spanish, . 800 7560 | 73.) 67] 61 
as Honduras, 637 11475 |' 98] ‘96| 99 
Walnut, = % 671 8800 |° 49.) 74) 111 
Teak, . . .. .. «1750 12915 | 126; 109; 94 
Poona,, . . . . .:. {640 12350 | 99/104; 82 
African oak,. .« . 4 ..) 944, 17200 | 101 | 144/ 138° 
Poplar, . . . . «12/388 5928 | 44] 56; 57 
Cedar,. . . . « « «| 561 7420 | 28] 62; 106 
Riga fir, . . . . . .|753 9540 |: 98| 80] 64 
Memel do, . ese 546 9540 | 114} 80! 56 
Scoteh do, . . . ...| 528: 7110 |! 65} 60) 65 
Christ. white deal, . . | 590 12346 | 104 | 104| 104 
American white spruce, . | 551; 10296 ; .72| 86) 102 
Yellow pine, - . . 1461 11853 | 95] ° 99| 108 
Pitch ping . . . . . {660 9796 | 73] 82] 92 
Larch,. . . . «© «1530 12240 } 79 | 103} 184 
Cork, ...- . | 240 
Fusing Point of various Metals. 


The fusing tte of the more refractory substances ate only to 
be ascertained approximately, on account of the doubtful accuracy 
of the indications given by the pyrometers at very high tempera- 
tures. 

The pyrometer constructed of platinum is the most delicate, 
althoug the rate of its expansion must be uncertain as it ap- 
proaches its own fusing point, The following are eodsiilered to be 
the fusing points of metals: 


_ 
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a Pahr. ue ' Pahr. 
Platinum, . . . ~. 38080° Silver, . «1... . ~ 1880° 
Wrought iron,. . . 2910 Zing. . . . . ~ ~ 1700 

Steel, . . . . . . 2500 Lead, . ..... 590 

Gold,. . .. . . 2190 Bismuth, . . . . . 500 

Castiron, . .. . 2100 Tin, . . . ... . 460 

Copper, . .- . . . 1920 

A dull red heat is estimated as 1480°; a bright red heat as 
1830° ; and a white heat as 2370° to 2920°, Fah. 


Taste of Properties of Liquids. 


>. ss | b>. gs 

r -] 

GS iss | gs | ss. 
om g. | 238) ae ge: | s¢8 

gj?) “ a2 | Se 

&> | 8 a> | 58 


Acid, sulphuric, . | 1850 | 18°5 |Oils, expressed: 
“ nitric, . .| 1271 | 12°7 linseed, . . .| 940 
“ muriatio, .| 1200 | 12°0 | sweet almond,.| 932 
“ fluoric, . .| 1060 | 10°6 whale, . ...| 928 
“ eitrie, . .{| 1034 | 10°83 || hempseed, . .| 926 

“ acetic, . .| 1062 | 10°6 olive,. . . . 

Water from the Oils, essential : 
Baltic, . . .| 1015} 10°2 cinnamon, « .| 1048 
Water from the lavender, . .| 894 
Dead Sea, . .{ 1240 {| 12°4 turpentine, . .| 870 
‘| Water from the amber, . .:°.| 868 
Mediterranean, . | 1029 | 10°8 ||Aleohol,. . . .| 825 
Water, distilled, .; 1000 | 10°0 ||Ether, nitric,-. .{ 908 
Proof spirit, . .| 922] 
Vinegar, . . .{ 1009; 10° 


poet 
(ane. ol-ole ole oie ole + man) ©oeewoew © 
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Azle Grease. . , 

1. The popular axle grease of the celebrated Mr. Booth is made 
as follows: : 

Dissolve 4 lb. common ‘soda in 1 gallon of water, add 8 Ibs. of 
tallow and 6 lbs. of palm oil (or 10 Ibs. of palm oil only). Heat 
them together to 200° or 210° Fah. ; mix, and keep the mixture 
constantly stirred till the composition is cooled down to 60° or 70°. 

2. Another and thinner composition is made with 4 lb. of soda, 1 
Elon of water, 1 gallon of rape oil, and } Ib. of tallow, or palm 
x 


3. The French compound, called Liard, is thus made :—Into 50 
aon of finest rape oil put 1 part of caoutchoue, cut small. Apply 

eat, until it is nearly all dissolved. 

4. Mankettrick’s Jubricating compound consists of 4 Ibs, of 
caoutchous (dissolved in apirits of turpentine), 10 lbs. of common 


ere mwemmereanes 67 6 5 tote meme ee se ee ee + eg epee. 
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soda, 1 Ib. of glue, 10 gallons of oil, and 10 gallons of water. Dis- 
solve the soda and glue.in the water by heat, then add the oil, and 
lastly the caoutchoue, stirring them until perfectly incorporated. 

5. The following is the ordinary kind of axle-grease in common 
use:—1 part of fine. black lead, ground perfectly smooth, with 4 
parts of lard. Some recipes add a little camphor. 


TABLE 
. Of Fusibility of Metals. 
As given by M. Thenard. 
1.—Fusible below a red heat. 


CENTIGRADE, 
Mercury, . .. . —39° 
: Gay Lussac and 
Potassium,. . . . +58 T'henard 
Sodium, .... 90 Do. do. 
(| ee ne 210 Newton. 
Bismuth, . .. . 256 Do. 
Lead, . . 2. es 260 Biot. 
Tellurium,. . . . {a little less fus, than lead Klaproth. 
Arsenic, . .. . undetermined 
Zin, . 2 2 6 370 Brongniart. 
Antimony,. . . ._ {a little below a red heat 
2.—Infusible below a red heat. 
PYROMETER OF WEDGWOOD. 
Silver,. . . . . 20° Kennedy. . 
my Ch hat. a 4 27 | Wedgwood. 
Gold, oo ee 82 o Do. 
a little less difficult 
Cobalt,. . - - . . to melt than iron 
Tron, . «6 « © » 130 Wedgwood. 
Nw, vat Pat LG cis 158 Sir G. McKenzie. 

Manganese, . . . 160 Guyon. 
Nickel, . a 160 Richter. 
Palladium. ‘| ‘ ; 

: : Nearly infusible, and to 
ae bdenum, be obtained at a forge 
Tawar ; ° heat only in small 

gah aera ; buttons. 

Chromium, , 
Titanium. . . . 
Cerium, . . . .| |Infusible at the forge 
Osmium, . . : furnace. Fusible at 
Tridium, ‘| the oxy - hydrogen 


Rhodium, . kere | blowpipe. 
Platinum, . be 
Columbium,. . .J 


r 
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Ce es 


TABLE 


Containing the Quantities of Water, in cubic feet, that will be dis. 
; charged over a Weir ee minute, for every inch in its breadth, when 
| the depths id the Water from the surface to the top edge of the 


wasteboard do not exceed exghteen inches, 
u 2 OG ' } we 
$3 | He bere | 3] es, | BSE 
1 ge 3833 s8e3 28 3234 2388 
' $s BeXs 255K = @ eA BZED 
Ss | egg ses Se | esse 2g 88 
| €53 | 333% 3253 S$. | 320° | 3253 
| g Fl rh a~ F Fit 
1 0°408 0-428 10 |* 12°748 | -18°585 
| 2 1°140 “1-211 11 14-707 15°682 
3 2°095 2°26: 12 16°758 17 +805 
4 8° 295 8°427 18 18°895 °| 20°076 
| 6 4°507 4°89 14 Q1°117 22-437 
| 6 5°925 | ' 6:295 15 23° 419 24°888 
| 4 7°466 7°983 16 "25° 800 '27°418 
| sg | 9122 9° 692 17 28° 258 30°024 
| 9 | 11-884 10°564 18 | 30°786 | 82-710 


| 
| TABLE 
; Of the Composition of different Gun ’ 


IY we eee se 


KINDS. Nitre. Charcoal. Sulphur. 


| Royal Mills at Waltham Ab- 


bey, England, : 75 15 10 
' France, national establishm’t. | 75 12°5 12°5 
French, for spor a Ble 2 78 12 10 
French, for minin 65 15 20 
United States of ‘merica, . , 76 12°5 12°5 
Prussia, . . . + 2 e « : "5 18°5 11°5 
| Russia, . . ae eee ee 7878 | 13°59 12°63 
| Austria (musket), . Pe eae ae ee Uy 16 
"Spain, Ri Nigcgngn Mb ee oe, ley. ee. as HAT 10°78 12°75 
‘Sweden,. . - 46 ee 6) 9 
| Switzerland (a round powder 76 14 10 
Chinese, . 178. 14°4 9°9 


' Theoretical propor. (ae above) | 18 13-23 1177 
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Alloys. 


Alloys having a Density prater | than the | Alloys having o Density less than the 
Mean of their Conatituents Mean of their-Constituents. 


Gold and zine. Gold and silver. 
Gold and tin. Gold and iron. 
Gold and bismuth. Gold and lead. 
Gold and antimony. Gold and copper. 
Gold and cobalt. Gold and iridium. 
Silver and zine, Gold and nickel. 
Silver and lead. Silver and copper. 
Silver and tin. Silver and iron. 
Silver and bismuth. Iron and bismuth. 
Silver and antimony. Iron and antimony. 
Copper and zine. Iron and lead. © 
Copper and tin. Tin and lead. 
Copper and palladium. Tin and palladium. 
Copper and bismuth. Tin and antimony. 
Lead and antimony. Nickel and arsenic. 
Platinum and molybdenum. Zine and antimony. 


Palladium and bismuth. 


TABLE 
Showing the estimated Power of Man or Horse as applied to 
Machinery. 
Lbs. avr. at Lbs. avr. at 
the rate of the rate of 
Application of the Power. 220 feet per one foot per 


minute. minute. 


A man is supposed to be capable of nae ) 

or carrying 27278 6000 
A man is supposed to be capable of turnin 

the winch of a crane with a force ca 


to. . 28°637 6300 
“When the united efforts of two men are 
applied to the winch of a crane, the han- or 
dles being at right angles, each man 
exerts a force equal to. . 83°499 7850 
A man is supposed to exert a power in 
pumping equalto . . . ? 17°335 | | $814 
In ringing, a man exerts a force equal to. 38°955 8570 
And in rowing, . . y.- tal Gee 40°955 9010 


The power of a horse i ia equal to... . 150 33000 
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TABLE 
Of the Speed and Force of Wind, at different velocities. 


Velocity of the Wind in ; . 
Force in lhe. avoir- 


dupois per square Common Apres given to 
Miles per hour.| Feet per second. ook 
1 oe 005 Hardly perceptible. 
9 2°9 020) Sates 
3 4°40 044 c Just perceptible. 
; : — Gentle, pleasant wind. 
10 14°67 492 ) : 
15 99410 1107 ( Pleasant, brisk gale. 
20 29°34 1°968 Vv brisk 
25 36°67 3-075 it pace 
30 44°01 4°429 é ‘ 
35 51°34 6°027 High winds 
40 58°68 4878 ‘ 
45 66-01 9-963 t Very high 
50 7 ee A storm or tempest. 
60 88-0 17 715 A great storm. 
80 117°36 $1°490 A hurricane. 
100 146°70 49°200 — A violent hurricane, 


which wrenches and: 
tears up trees, forces 
dwellings and minor 
buildings from their 
foundations,anddrives 
them before it 


Note.-——The following rule is used to find the force of wind acting perpendicularly upon 
a surface :— Multiply the surface in feet by the square of the velocity in feet. and the 
product by °002288. The result ts the force in pounds avuirdupois. 


Tasixe showing the Height of the Boiling Point, Fah., at different 
Heights of the Barometer. 


Barometer. Boiling Point. | Barometer. Boiling Point. 


Inches. Degrees. Inches. Degrees. 
81 21337 =| 84 209°55 
30} 212-79 | 28 208°69 
30 21200 274 207 84 
294 211-20 27 206-96 
20 210°38 


is more or less perfect. 


eed 
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TABLE 
Of the sizes of Nuts, equal in strength to their Bolta.. 


Diam. of Short diameter | Diam. of |Short diameter of || Di 
bolt inin.} of nut in in. bolt in in. | nut in inches. bolt id 4 Sent diameter 


of nut in in. 
4 $ 1f 2; 24 4, 
z # 1} 214 of 4§ 
+ % if 25 28 4is 
$ lis 1g 8} | 2% 5 
4 lys 1} 38 5 5f 
$ lfs 2 ' 39 8} 5} 
1 14 94 - 3h 84 6, 
14 2 | 2g 4 38 6% 
1} | ~ 24 2 | | «44 4 1+ 


Note.—The depth of the head should equal the epemmeter of the bolt; the depth of the 
~ nut should exceed ft, in the proportion of 9 or 10 to 


TABL E 
| Bhowing the Power of a Species of Fuel. 


bic 
r 


bie 


oc O ~& 9° a ae me 
aye | 2598 | Sgeg! 2tzae! 
Species of Fuel. SSS | Soul) Ees88) Erosue 
gas | S559 | S8ec8| §betie 
ess | ashe] Fs82"| FEs2E8 
| the. | Ie. Ibs. Ibs : 
Caking mae » « .f 9800 8°4 7°45 8°22 
Coke, . . ~ « -{| 9000 77 8°] 900 
Splint coal, . . . .{ 7900 6775 9°25 10-28 
Oak wood, dry, . .| 6000 5°13 12-2 13°6 
Ordinary oak; roe 3600 3:07 20°31 226 
eat compact, of or- ‘ 
dinary deyness. $250 | 28 22°5 250 


! 


| Whitieh topag,. . «: 14; 85 ]'Chrysolite . . ...) 10 
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TABLE 
Of the Ratios of the Successive Hardnesses of Bodies, * 


Specific 
Gravity 
: 
Hardness 
Specific 
Gravity 


a 
Substances. : 
0} 


Diamond from Ormus, | 20'| 3-7 | Sardonyx, .|. . .. 

Pink Diawond,. . .| 19 | 84 | Occidental amethyst, | 11 
Bluish Diamond, . ../:19.; 8:3] Crystal . . J... 
Yellowish Diamond, .| 19.| 33 |, Cornelian, . . . .| 11 
Cubic. Diamond, . .| 38 | 8-2] Green Jasper, . . .| 11 
Ruby, . - ... . «| 17.| 4:2] Reddish yellow do. .| 9 
Pale ruby, from Brazil,) 16 | 8:5 || Schoerl, . . . . «| 10 
Deep blue sapphire, . | 16°} 88|.Tourmaline, . . .{ 10 
Do., paler, ° . - .| 17 4 88] Quartz, . . . . .}.10 
Top@z,.°. . .'. % | 15.149] Opal,. . 2... 1430 


Ruby spinell, . . .|18 | 84], Zeolite, . . . . .u] 8 
Bohemian topaz, . . | 41 | 2°8 | Fluor,. .. Sree 
Emerald,. . . :. «| 12 | 2°8 |, Calcareous spar, . “6 
Garnet, . . .:. . | 12) 4% a ge a eS 
Agate,. . . . '. .|12|26]:Chalk, . . 2. .] 8 
Onyx,. . . . . | 12] 26] 


BO BO BO £0 BO GO BD ND GO CO PD PD PO BD DD bo 
TOITMEH WS WS SSAA SOAG 


} 


" Ductility and Malleability of Metals, 


Dustihty is the property of being drawn out ‘in length without 
breaking. This property is possessed in a pre-eminent degree by 
gold and-silver, as aleo by-many other metals, -by. glass-in the liquid 
state, and by -many semi-fluid resinous and gummy substances. 
The spider and the silkworm exhibit the finest natural exercise of 
ductility, upon the peculiar viscid secretions from which they spin 
their threads. . When a body can be readily.extended in all direc- 
tions under the hammer it is said to be souls ie; and -when into 
fillets, under the rolling press, it.is said to.be laminable. 

There appeats, therefore, to be a real difference between duc- 
tility and malleability ; for the metals which draw into the finest 
wire are not, those which afford the thinnest leaves under the 
hammer, or in the rolling press). Of this fact iron affords a good 
illustration, Among the metals permanent in the air seventeen are 
ductile ‘and sixteeri are brittle. Buf the most ductile cannot be 
wire-drawh of laminated to any considerablé extent without being 
annealed fton\ time to time during the progress of the extension, or 
rather. the ‘sliding of the particles alongside of each other, so as to 
loosen their lateral cohesion. so 


35 4 


390 ~ Ducrnurry or Merars. 
TABLE 
Of the Ratio of the Ductility and Maileability of Metals. 
Metals ductile and Metals in the order | Metals in the order 


Brittle metals in 


malleable. in alpha- of their wire-drawing| of their laminable 


betical order. alphabetical order. ductility. ductility 
Cadmium. . |. Antimony. Gold. Gold. 
Copper. Arsenic. Silver. Silver. 
Gold. . . Bismuth. Platinum. Copper. 
Iron. . Cerium Iron. Tin. 
Iridium. . . Chromium. Copper. Platinum. 
Lead. Cobalt. Zine. . Lead. 
Magnesium. , Columbium. Tin. Zine. 
Mercury. . Iridium. Lead, Tron. 
Nickel. . . Manganese. Nickel. .| .Nickel. 
Osmium.. . Molybdenum. | Palladium! .| .Palladium? 
Palladium. . |. Osmium. Cadmium t .Cadmium ¢ 
Platinum. . Rhodium. 

Potassium. . |. Tellurium. 

Silver. . . Titanium. 

Sodium, . . Tungsten. 

Tin.. . Uranium. 

Zine, 


Conducting Powers of Various Substances. 
The conducting power of wood is very low; the softer woods 
being lower in this respect than those whick are harder. Of metals, 
and some other substances, the following is the order, dceording to 


Despretz: 
Gold, « » « » 1000 |] Tin, . . 1. - « « © 804 
Silver, . . 1. « « » 978 | Lead,. . «2. « 6 « 180 
Copper,.*. . . . »« 898 | Marble... . 2 . 24 
Platinum, . . ,. - 881 ;} Poreelain, . . ... 12 
Tron) s: 6:.d. es Se we. BTR le Dlce a Ke eC 
Zinc,. . « « « « « 868 


Radiating Power of Various Substances, 

Bodies that have polished surfaces radiate heat Jess than those 
that are roughened, and metallic surfaces less than those of more 
imperfect conductors. The following are the proportions of some 
of each, according to Leslie: 


Lamp-black, . . 100 Rough lead,. . . . . 465 
Water, . ‘ .- 100 Mercury, . . . . « « 20 
Writing-paper, . . . 98 Polished lead, . . . 19 
Glas, . .... . 90 Polished iron, . . . . 16 
Foe Peper 2 » 6 . 88 Tin, silver, copper, and gold, 12 
CO, ee a - 85 


Soarm or Proovrs ror Caain Riaeina. 


Reflecting Powers of Various Substances. 

Heat is reflected from the surface on which its rays fall, in th 
same manner as light; the angle of reflection being opposite anc 
equal to that of.incidence, The metals are the strongest reflector 
of heat, in the following order, according to Leslie: 

Brass, .. -« + - - 400 Lead, . . ..... 60 

Silver, . . . .« ..- 90 Tinfoil rubbed with mer. 10 

Tinfol,. . . + - - 865 Glass, . 2... .. . 10 

Block-tin,. . . . . 85 Glass, waxed or oiled, . 5 

Steel, 7. ©» «© © © ¢ 70 


Power of Various Substances to Transmit Heat. 
All bodies capable of transmitting heat are, more or less, trans 
arent, though their powers of transmitting heat and light are not 
in the same relative proportions; as the following list of the rela 
tive powers of equal masses, determined by Melloni, will show: 


Air, . . . . + « « « 100 | Rapeseed Ol, . . . . 2 
Rock salt, transparent, . 92 | Tourmaline, green, . . 7 
Flint-glass,. . . . . . 67 , Sulphuric Ether, . . . 21 
Bisulphuret of Carbon, . 68 | Gypsum,. .... . 20 
Calcareous spar, transparent,62 | Sulphuric Acid, . ; 


eet, 


Rock-crystal, . : 62 | Nitric Acid, . . . . . 165 
Topaz, brown, . . . . 67 | Alcohol, . . ... . © 15 
Crown-glass, . . . . . 49 | Alum, in crystal. . . 12 
Oil of turpentine, . . . 81 | Water,, . ... .. 2 


TABLE 


Showing the Scale of Proofs for Chain Rigging close-linked, dc. ; 
the extreme Length of Links not to exceed five diameters of their 
size in Iron. 


Diam. of) Teating | Max.| Minimum ||Diem. of | Test.| Maximum Minimum 
! Links. | Weight. |Stran.} Strain. Links. |Wght. Strain. Strain. 


Inches. | Tons. | Tons.) Tons. Cwt |! Inches. | Tons Tons. Tons. Cwt. 
14 816 | 75 | 680 1 | Bg 14 18 10 
1} 27 | 641 580 § 4h 12 10 15 
14 228 | 54} 490 se | 3% 10 84 nearly. 
1} 189 | 45} 410 4 8 " 6 18 
1} 15} | 87 | 840 qe (| 2k 6 5 2 
; 1 12 | 80] 280 # 14 4 8 0 
+E! 103 | 26] 250 yr | lt 8 214 
| t 9% | 23 | 220 _ $ | none broken. | nono breken. 
a "4 |20] 200 t 4 12 114 
4 62/17 | 160 *s ' 145 0 19 
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MASONRY. 
Of the different kinds of Masonry. 


Masonry, in- the general acceptation of the term, is the art of 
cutting or squaring stones, to be applied to the purposes of build 
ing; or, in a more limited sense, it is'‘the art of joining stones toge 
ther with mortar, or otherwise. ee 

The ancients enumerate seven different methods in whith ‘they 
arranged the stones of their buildings. Vitruvius thus classes 
them: three of hewn or squared stones, threw of unhewn, and one 
a mixture of both methods, = | 

1. Net masonry. This is represented in fig. 33, within the area’ 
| : DEFG, where the stones are squared and 

placed upon one of the angles, their joints 

thus forming a net-like appearance. ‘This 
‘method, though very neat, is wanting in 
' firmness and: strength; -for the oblique 
positron of the stones, in regard to each 
- other, gives them a ‘tendency to ‘separate 
' rather than to form-a compact assemblage 
Fig'1.' ° °° of parts that unite in sapporting each 
other." Whenever this form of masonry is employed, it is conbe- 
quently nlecéssary to keep thé work ‘together: by a border of stones, 
having some other arrangement, one that is not only capable of 
supporting itself, but of overcoming the resistance of the net-like 
form. This is shown in the sanre figare at ABC; and where the 
network is merely a casing of stone to the brickwork.of a wall, it 
will be found to answer tolerably well, and looks very neat. 

2. Bound masonry is that represented in fig. 2, and is remark- 
ably strong. The perpendicular joints in each course fall directly 
in the middle of the stones composing the course below and above 
it; and while it has-every requisite of solidity, the joints have, at 
the same time, a regular and pleasing appearance. 


Fig. 2. Fig. 3. 
3. Greek masonry is that represented in fig. 8, where every 


alternate stone, as shown at AD, EF, and BC, is made of the 
whole thickness of the wall, and serves to bind tegether the atones 


-_ ¢ —-. - 
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which compose the external and internal faces of the building; and 
this may be called double binding, as from the perpendicular joints 
being somewhat similarly situated to that in bound masonry, it has 
alsc an additional binding, by extending to the courses above and 
below it, thue forming a compact and durable wall, which resists 
every effort to separate in any direction. - 

4. Masonry by equal courses. This method of uniting stones is 
shown in fig. 4, and only differs from the bound masonry in its 
i being composed of unhewn stones, or rather Sota? 
'in being formed of stones that are not so / 
, accurately cut, nor the edges so perfectly 
| squared; it being only necessary that the 
i external face should be level, and the hori- 

zontal joints at equal distances from each 
that care being taken at the same time 


that the perpendiculars are so situated as to 
bind the courses above and below them. 

5. Masonry by unequal courses This is represented in fig. 5, and 
is, like the last, formed of unhewn stones, without any regularity 
| as to their size, it being sufficient that 
{| each course is made to bind with the 
| Preceding, and the only regularity 
| Obeerved is in the joining which sepa- 
‘Tates each course, the courses them- 

: selves being of unequal thickness, as 
shown at ABCD. $ 
6. Masonry filled up in the middle, ; 
‘as shown in fig. 6, is formed of un- seas | 
_hewn stones of unequal courses, and the middle, as ut D, is filled 
| up with stones thrown in at random among the mortar. 


Fig. 4. 


D 


7. le taal masonry is, as its name imports, a mixture of the 
other kinds. It is represented in fig. 7, where the external course 
AB is formed of bound masonry, and the corresponding internal 

| course is at some distance from it, but held to the former by means 
of iron cramps, as shown at a, 6, ¢, d, e, f, the space between being 
filied in with small stones or flints thrown into the mortar. 

| 
A a ee OOO IE 

25* | 


294 Masonrr: 7 


The Methods of Joining Stone. 


As the strength and durability of masonry depend as much on 
the method employed, and the care taken in making all the joints 
to correspond accurately with each other, as in the quality of the 
material employed, some remarks will be required in. explanation 
of the methods of joining stone, We shall, therefore, enumerate 
the several means adopted by workmen, gnd, where necessary, 
notice the purposes to which each methad is best adapted, giving 
some cautions to secure succeas in practice, and to save the work- 
man unnecessary labor and trouble. 

The joints in masonry are either secured by the means of mortar, 
cement, or plaster of Paris, or the courses are held together by 
cramps, joggles, mortice, and teponing, or dovetailing. 

1. Joining by mortar, or cements. It is absolutely necessary 
that the joints should be perfectly smooth, and touch in ever 
part; and the stones must be so square as to bed well on each 
other, that is to say, they must not have such irregular faces as to 
roll, or, in technical terms, be winding to each other. The greatest 
care must be taken by the workman to have his mortar of a proper 
consistence—not too thin, as in drying it would shrink from the 
work, nor too thiek, fer-that would prevent the stones from bedding 
properly. The best way in irregular. masonry, or m ‘that composed 
of small stones thrown, as it were, between. the regular work, as in 
nal Some masonry, is to saturate fresh lime with water, and, 
while hot, to pour it on the work, which hardens and consolidates 
the whole into one solid mass. This-method is much used in join- 
ing soft stones. and brickwork, and is calculated to promote the 
strength and solidity of the work. 

2. Joining by cramps. Cramping is performed by inserting into 
the two pieces of stone, which are to be bound together, a piece of 
Iron or some other metal, the ends of which, bent at right angles, 
are inserted in a cavity cut in each stone, the cavities being so 
large as to admit the iron easily; melted lead is then poured in to 
fill the vacant space, and, when cold, a chisel is driven into it, so 
that it may press close to the work; for all metals expand by 
fusion, and obstacles may prevent them from contracting in cooling. 
Cramps composed of copper are, in many cases. very preferable to 
those made of iran, for they are less likely to oxidize, or rust, or to 
be affected by the lime or mortar. It would be of advantage to 
coat the cramps, if made of iron, with some substance that would 
defend them from the effects of damp. We may here remark, that 
the channel made to receive the cramp should be dovetailed, to 
prevent the lead from coming out, which it is otherwise apt to do, 
in the course of time. The only objection to the use of copper: 
cramps, in preference to iron, is their expense, which in Jarge 

ublie works is not of any importance, and, for common purposes, 


aes answers very well; but the more malleable or tough the ua 


i 
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| the better it is, as it is more calculated to resist the different tem- 
| peratures to which the work may be exposed. | 
8. Joining by joggles, The method of securing the joints of 
masoury by means of joggles is chiefly adopted for securing the 
joints of columns or pillars; and consists in sinking a cavity in the]. 
two pieces in such a manner as ta make them correspond with each| : 
other, and inserting in that cavity a piece of metal, stone, or even 
| wood, s0 that any lateral thrust may not be able to separate 
| 


them. This method may, with very great advantage, be applied ia 

the construction of domes, and works of the same nature, where it 
4s necessary to avoid the lateral thrust as much as possible. 

We may here take the opportunity of mentioning a plan proposed 

by Dr. Hutton, in his edition of Uznamare’s Mathematical Reciea- 

| tions, for taking away the lateral thrust of domes and cupolas. The 

following is the problem proposed, and the solution given: 

“ How to construct a hemispherical arch, or what the architects call) 

| an are én culde-four, which shell have no thrust on its piers. 


“Let A B, fig. 8, be two contiguous voussoira, which we will sup- 
pose to be three: feet in length, and eighteen inches in breadth. 
| Cat;out-en the contig- 
| bous sides two cavities, op 
in the fern of a..dove- . . 
tail, four inches in 
depth, with an aper . 
ture of the same ex- . hex 
tent, a, 6, five ee six. Fig. 6. 
inches in length, and. as much in breadth. This cavity will serve 
to necaive.a double key of cast-iron, aa shown in fig. 9, or of 


eommen forged-iren, which is still more secure, as it 
is not co brittle. ‘These two vouseoire will thus be Ea) 


connected together in euch gq manner that they can- 
not be separated without breaking. the dovetail at 
the re-entering angle; but, aa.each of ite dimensions Fig. 9. 
in this place will be fowr inches, it will be easily seen that an 
immense force would be required to produce that effect; for we 
are taught, by well-known experiments on the atrength of iron, that 
It requires a fovee of four thousand five hundred pounds to break a 
bar of forged iron am ineh square, by the erm of a lever of six 
inches ; ently, two hundred and eighty-eight thousand 
pounds would be ueceseary to break a ber of sixteen square inches, 
: ike that in tien. Hence there ig reason to conclude, that these 
| voussoirs.will be connected together by @ force of two hundred and 
| eighty-eight thousand pounds; and as they will never experience}: 
' an eflort to disjoin them nearly so great, as might easily be proved 
. by calculation, it follows that they may be considered as one 
| preee.” 
They: might be still further strengthened in a very considerable 
degree, for the height of these dovetails might be double, and 
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a: 
Vn eaxity might. be aut. im the middie ef the. hed of the upper you 
soir, fit to xeceive it. entirely: the dovetail. could not then be| 


contiguous vousseirs,} 
‘and fig. 31, the in-| 
‘Verted vousselz of the! 
_ hext. course, which 
Ae Fig. wm. eught, to e¢ewer the 
joint. between A and B. Eacle of the voussois, A and B being 
divided inte two pants,as of and ed; then 
if at @& and ¢d we sink an hemispherical 
eavity, im which to introduce w globe ef 
very hard mazble; and m the upper voussofr, 
- fig, YO, we sink similar cavities, be~ this, 
; Fig. Mt. wher laid on be; fig, 2%. will form a secure], 
joint without: any Fateral thrust ; and the two eonmses eanret be 
separated without a force adequate to either. break. the selid. stene, 
or disunite the marbte globe; a force almost iacenceivable, or: ab 
least. one far superior to that praduced by: the arch; the whele 
‘dome; or cupola, is, in fact, ene solid: mass, and-¢an exert ne lateral 
:thrust wpon the walla em which ib is raisekh Mazble globes: are 
‘recommended, because irom is liable. to rust; bat, if the joggles 
were made of iron, and covere# with pitch before they. were placed 
In the eavities, there would be little to-fear from aust ;, and particu 
larly as the iror is-inclosed in the substance of the stone, and quite |: 
: excluded fram the actien of atmospherie causes, : 

Little need be: said im this place as to monticing and tenening, er 
‘dowetailing, except that they differ slightly from. the same epera- 
‘tions. in joiners” work ; for, as. eement is used: in the joing, they 
‘need not be so accurately eut, and are made shorter and thicker 

than those formed by the joiner, it being: sufficient that the pasta of 
'eacl piece to be joined enter inte each other at most five or six 

inches, ever in large masses of atone. In smali pieces, an incl or 
| an inch and a@ helf is sufficient; for, # the tenon er dovetail be tee! 
long; it will decrease the solidity of the:jeiht. For greater security, | 
| & small ehannet is freqnently eut in the shoulder ef the joint, and | 
poeed lead is: poured into it, which, fillmg up the epaee round the } 
tenen er devetail, makes. the joint more secure, ‘and the work. firm [ 
and selid 
In laying: some sorts of stones; it is desirable, as far as possible te} 
place them: in the same direction as they bad when in the quarry, 
(or, as it. is. termed by workmen, bedways of the stone; for, if had 

nm other directions, they are liable to peek and split by the action 
of the atmosphere. ; _ . 
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BRICKLAYING. 
Foundations. — 


The test soils for building upon are. gravel, chalk, and stone 
rock. Yi 

Those most to be guarded against are sands, beg earth, clays, 
and madc¢ earth {ne matter how hard). Where these oceur; avoid 
piling (except in water werks); plank the foundations through the 
eentne of the walla, place long tassels in the piers, lay in chain 
bend, let the ‘ore be stout, and in one piece, the whole length of 
| each wall; all that is required is to. so bind the building that it 
may setile altogether, and not partially... | 

ia doubtful foundations, it is aaviaable to-have a trench dug out 
te the depth of 2 feet to 3 feet below the footings of the brick- 
work, and about twice the width of the footiags,-which is tu be 
filled up with concreta pom posed of stone lime ground and ballast, 
or eoarse gravel, to be mixed with water, in the proportion of one 
| of Line te five or six of gravel; immediately that it is made up it 
roust be shot inte the trench froma stage, 6 feet above, which will 
cause @ to fall in 4 svlid masa; and in a few hours afterwards it 
will be os firia asa rock. — i 

it is strangly recommended to have. good plates; whatever may 
be slighted in other parts these should not be neglected—they are 
the soul and support of « building, aud cannot, if put in too sinall, 
be taken eut and replaced, as wther timbers may; the difference 
| in large Souses will rarely anwunt to twenty-five dollars. 

Bend the work-——English, bond—using aif whole bricks, a course 
of stretchers and headers alternately. _ 

| Particular care must be taken that.all the internal joints of brick- 
werk are well flushed up .with mortar; too frequently the work- 
meu are apt te neglect doing it; the consequence ia, that all the 
interier jeints are hollow, and.allow the damp to penetrate to the 
inaide, no matter how thick the wall may be Another serious 
defect in brickwork is in net properly bending the facing to the 
backing, particularly if the facing be malms er bricks, which cost 
an extra price; generally the headers are only bats or half bricks, 
instead of being @ atretcher er a whole brick to bond in with the 
briekwork at the baek; there ought to be at 1 one stretcher in 
every 3 feet te each course, if there be not wall will split or. 
divide inte two thicknesses, : 

in building arches of a large epan, it is advisable to build them 
ia half brick rims, with vertical or radiating bond every 3 or 4 feet: 
in the girt; if this latter precaution be not adopted, the conse- 
quence will be, that when the centre is struck, the rims will divide; 
and weaken the arch, and perh..ps cause a total failure I 

In seleeting bricks, clap them together—if they ring well, and, ' 
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vhen broken, show that they are burnt throngh, they will arewer 
he purpose. A hard clamp burnt gray stock & all that is wanted 
or strength; for water-works and foundations use clinker barut 
nart stacks, Avoid samnel or place bricks, and chuffy stocks, and 
severally prefer hand tempering to pugelng the clay. 

In mixing of mortar, it 1% advisable to see that the laborer pro- 
verly tures up the mortar, and that the lime is thoroughly Sicor- 
arated with the sand throughout ; avoid using too much water, as 
t. drowns the lime, and weakens it; in large works it is beat to mix 
he lime and sand in a mill—eement muat be mixed in amall quan- 
AtLes, : | 
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Burckrayime. og 


Fn the measurement of brickwork no allowance is to be made it 
quantity for small or difficult works. 

Flues to be measured solid. 

Timbers inserted ia walis not to'be deducted. | 

Two inches to be allowed for bedding plates, where no brick 
work is over them. 

All cuttings to be measured superficially, excepting to bird’s mouth: 
and squint quoins, which are to de run. 

The net quantity of brickwork being found, it is to be reduced 
to the standard thickness of a brick and a half, and brought intc 
statute rods of 53 yards square, or 272 superficial. 

Ovens, coppers, and solid walls, of irregular thickness, to be 
cubed and brought into the standard thickness, by multiplying by 
8 (the riurhber of 1} inches in a foot), and dividing by 9 (the num. 
ber of 14 inches in ‘a britk and a half, or 183 inches, the standard 
thicknéss). ~ eee 

Facings of ‘all descriptions to be measured and charged extra, per 
foot superficial. 

272 Pet superficial is a.rod of brickwork, 1} brick, or 184 inches 
thick, the standard thickness, to which all brickwork, of whatever 
thickness, is reduced. 

306 cubie feet, or 11$ cubic yards, equal to 1 rod of reduced 
brickwork. 

4352 stock bricks to 1 rod reduced, 4 courses 1 foot high. 

4533 ditto, if the 4 courses measure 114 inches high. , 

These calculations are without allowing any waste, which is 
more than am ly compensated in dwelling-houses, by not deducting 
flues and bond timber; in such work, 4300 atocks, or 4500 place, are 
sufficient. 

5371 bricks laid dry to 1 rod. 

4900 ditto in wells and circular cesspools. 

A rod of brickwork contains 285 feet cube of bricks, and 71 feet 
of mortar (4 courses to a foot); which will weigh, upon an average 
calculation, 15 tons. 

A rod of brickwork requires 14 cubic yard of chalk lime, and 3 
single loads or yards of drift; or 1 cubic yerd of stone lime, and 
34 single loads or yards of sand; or 36 bushels of cement, and 86 of 
sharp sand. 

16 bricks to a foot of reduced brickwork. 

7 ditto to a foot super of facing. . 

10 ditto to a foot super of gauged arches. 

30 bricks on edge, and 45 bricks flat, to 1 yard of brick- 
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nogging. ui 
"86 stocks laid flat, and 52 ditto on edge, to 1 yard of paving. 
36 paving bricks laid flat, and 82 ditto on edge, ditto. 
A load of mortar, 27 feet cube, requires 9 bushels of lime and 1 
yard of sand. A hod contains 20 bricks. 
Litne and sand loses one third of its bulk when made into mortar 
—likewise cement and sand. 
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The prapertion of mortar,.or cement, when made. up, te the lime, 
or senieue and sand before made ap, is as 2 to 2 

Lime, or cement and sand, to make mortar, require as much 
water as is equal to: one third of their bulk, or, about, 54 barrels for 
a rod of brickwork built with mortar. 


PLASTERING. 


Thickness of Compa Inch yards | inch yards = inch yds. 
1 bushel of cement will cover . HH. 1. 1b... 2 
I do andlofsandda |. 23 .,. 8 ~ » 4F 
1 do and2 de ado. - S$. 2 . 4... 
1 doa .and3 doa doa © 4 +--+ © ~~ - G 


(z inch is the usual thickness.) 

l ewt. of mastic and 1 gallon ofoili ... . We. - o« & 

1 cubic yard of ehalk lime, 2 yards. of reed drift or sand, and 3 
bushels of hair, will eover 75 yards of render and set on brick, and 
10 yards on lath, or 65 a & plaster and rerider.2 coats and set on 
briek, and 60 yards en lath; oated = will require about the| 
same as-2 soats and set. 

1 bundle of laths and 500 nafle will cover aboat 4} yards. 


Mortar. 


1 hundred of Ime contains 25 striked bushels, or $00 ee it 
is a meascre 38 feet square, and 3 feet } inch deep , 1 ehaldron of 
lime is equivalent to 577765 eubic feet; or rather whore than 2 hun- 
dred. | 

18 heaped bushels, 22 striked bushels, or ? oe eube, a single| | 
lead of sand, mortar, &c e 

1 double load is equal to 36 apes baskels, 

1 hod of mortar 18 equal to 1134 cubic inches, or 8 duodecimal 
inches, or 9 x 9, and 134 inches long. 

2 hods of mortar make a bushel nearly. 


Cement. 


1 barrel of cement is 5 bushels, and weighs 3 ewt, 1 rod of 
brickwork, in cement, requires 36 bushels of eement and 36 bushels 
of sand. 

1 yard, or 9 feet superficial of 14 inches, or 1{ brickwork, ca 
cement, requires about 23 bushels. 

1 yard superficial of pointing to brickwork, in cement, requires 
about one eighth of a bushel. 

. 1 eh ard square of plastering, in cement, requires three fourths of s 
ushel. 
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Carpeniry and Plastering are measured by the square foot or 
yard; or, in moulded and ornamental work, by the linear foot. In 
extensive work the square of 100 feet is aleo used. 

Paving is measured by the square yard. 


Digging, ke. 

23} cubic feet of sand, 17} ditto clay, 18 ditto earth, 13 ditto 
chalk, equal to a ton. 

A cubic yard of earth, before digging, will occupy about 14 
cubic yard when dug. 

27 eubic feet, or 1 cubic yard, contains 21 striked bushels, which. 
ne a single load, and double these quantities a double: 

18 cubic feet of night soil, 1 ton. ! 

2} tons of ditto is the quantity a eart contains; 6 feet long, 3, 
feet 3 inches wide, by 2 feet 4 inches deep, or 45 feet cube. | 


Coarse Stuff. 


Coarse stuff, or lime and hair, as it is sometimes called, is pre: 
pared in the same way as common mortar, with the addition of 
hair procared from the tanner, which must be well mixed with the 
mortar by means of a three-pronged rake, until the hair is equally 
distributed throughout the composition. The mortar should be 
first formed, and when the lime and sand have been thoroughly 
mixed, the hair should be added by degrees, and the whole so 
thoroughly united that the hair shall appear to be equally distri- 

| buted throughout. 


Fine Stuff. 


This is rtade by slaking lime with a small portion of water, after 
which so much water is added as to give it the consigtence of 
cream. It is then allowed to settle for some time, and the super- 
fluous water is poured off, and the sediment is suffered to remain 
till evaporation reduces it to a proper thickness for use. For some 
kinds of work it is necessary to add a small portion of hair. 


Stucco for Inside of Walls. 


This stucco consists of fine stuff already described, and a portion 
of fine washed sand, in the proportion of one of sand to three of 
fine stuff. Those parts of interior walls are finished with this 
 stuceo which are intended to be painted. In using this material, 
, great eare must be taken that the surface be perfectly level, and to 

secure this it must be well worked with a floating tool or wooden 
‘trowel. This is done by sprinkling a little water occasionally on 

the stucco, and rubbing it in a circular direction with the float, till 
. the surface has attained a high gloss. The durability of the work 
| very much depends upon the care with which this process is done, 
_ for if it be not thoroughly worked it is apt to crack. ; 
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Gauge Stuff. 


This is chiefly used for mouldings and cornices which are run or 
formed with a wooden mould. It consists of about one fifth of 
plaster of Paris, mixed gradually with four fifths of fine stuff. 
When the work is required to set very expeditiously, the proportion 
|} of plaster of Paria is increased, It is often necessary that the 
plaster to be used should have the property of setting immediately 
It is laid on, and in all such cases gauge stuff is used, and conse- 
quently it is extensively employed for cementing ornameuts to 
walls or ceilings, as well as for casting the ornaments themselves. 


Higgins’ Stucco, 

To fifteen pounds of the best stone lime add fourteen pounds of 
bone ashes, finely powdered, and about ninety-five pounds of clean, 
washed sand, quite dry, either coarse or fine, according to the 
nature of the work in hand. These ingredients must be intimately 
mixed, and kept from the air till wanted. When required for use, 
it must be mixed up into a proper consistence for working with 
lime water, and used as speedily as possible. 


Parker’s Cement. 


This cement, which is perhaps the best of all others for stucco, 
as it is not subject to crack or flake off, is now very commonly 
used, and is formed by burning argillaceous clay in the same 
manner that lime is made; it is then reduced to powder, by the 
process described in a previous part of this work. The cement, as 
used by the plasterer, 1s sometimes employed alone, and sometimes 
it is mixed with sharp sand; and it has then the appearance, and 
almost the strength, of stone. As it Is impervious to water, it is 
very proper for lining tanks and cisterns. 


‘Hamelein’s Cement. 


This cement consists of earthy and other substances insoluble in 
water, or nearly so; and these may be either those which are in 
their natural state, or have been manufactured, such as earthen- 
ware and china; those being always preferred which are least 
soluble in water, and have the least color. When these are pulve- 
rized, geome oxide of lead is added, such as litharge, gray oxide, or 
minium, reduced to a fine powder; aad to the compound is added 
a quantity of pulverized glass or flint stones, the whole being 
thoroughly mixed and made into a proper consistence with some 
vegetable oil, as that of linseed. This makes a durable stucco or 
plaster, that is impervious to wet, and has the appearance of stone. 
The proportion of the several ingredients is as follows:—to every 
five hundred and sixty pounds of earth, or earths, such.as pit st 
tiver sand, rock sand, pulverized earthenware or porcelain, add 
forty pounds of litharge, two pounds of pulverized glass or flint, 
one pound of minium, and two pounds of gray oxide of lead. Mix 
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the whole together, and siff it through sieves of different degree 
of fineness, according to the purposes to which the cement is to b 
applied. 

The following is the method of using it:—To every thirty ponnd: 
weight of the cement in powder add about one quart of oil, eithe 
linseed, walnut, or some other vegetable oil, and mix it in the sam 
manner as any other mortar, pressing it geutly together, either b: 
treading on it, or with the trowel; 1t has then the appearance 
moistened sand. Care must also be taken that no more is mixed a 
one time than is required for use, as it soon hardens into a soli 
muss, Before the cement is applied, the face of the wall to be pla: 
tered should be brushed over with il, particularly if it be applie: 
to brick, or any other substance that quickly imbibes the oil; if t: 
wood, jead, or any substance of a similar nature, Jess oil may Li 


Maltha, or Greek Mastic. 

This is made by mixing lime and sand iu the manner of mortar 
and making it into a proper consistency with milk or size, insted 
of water. 

Plaster én imitation of Marble. 


This pi aa of work is exquisitely beautiful when done witl 
reer and is so like marble to the touch, a3 well a: 

appearance, that it is scarcely possible to distinguish the one. fron 
the other. We shall endeavor to explain its composition, and th« 
Inanner in Which it is applied; but so much depends upon the 
workman's execution, that it is impessible fer any one to succeed 
in an attempt to work with it without some practical experience. 

Preeure some of the purest gypsum, and ealcine it until the large 
mesees have lost the brilliant sparkling appearance by which they 
are abazacterized, and the whole mass appears uniformly opaque. 
This calcined gypeum is reduced to powder, and passed threuch a 
very fine sieve, and mixed up, as it is wanted for use, with Flan- 
ders glue, isinglass, or some other material cf the same kind. This 
solution is colored with the tint required for the scagliola, but 
when a marble of various colors is tu be imitated, the several 
colored compositions required by the artist must be placed in 
separate vessels, and they are then mingled together in nearly the 
same manner that the painter mixes his color on the pallet. 
Having the wall or column prepared with rough plaster, it is 
covered with the composition, and the colors intended to imitate 
the marble, of whatever kind it may bo are applied when the 
floating is going on. 

it now only remains to polish the work, which, as soon as the 
composition is hard guonet is done by rubbing it with pumice 
stone, the work being kept wet with water applied by a sponge. 
It is then polished with Tripoli and charcoal, with a piece of fine 
linen, and finished with a piece of felt, dipped in a mxiure of oil 
and Tripoli, and afterwards with pure oil. 
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Composition 
This is frequently used, instead of plaster of Paris, for the orna- 
| mental parts of buildings, as it is more durable, and becomes in} 
‘time as hard as stone itself It is of great use in the exeeution of 
‘the decorative parts of architecture, and also in the finishings of! 
i pietare frames, being a cheaper method than carving, by nearly| 
‘'etubty per ceut. 

It is made as follows: Two pounds of the be« whitening, one 
| peund of glue, and half a pound of linseed oil are heated together, 
ithe eomposition being continually stirred until the differeut sub. 
stances are thoroughiy incorporated. Let the compound ceol, and 
‘then lay it on a stone covered with powdered whitening, and heat 
it well until it becomes of a tough aud firm eonsgistence It may 
‘then be put by for use, covered with wet cloths to keep it fresh. 
| When wanted for use it must be cut into pieces, adapted to the 
|size of the mould, into which it is forced by a screw press. The 
ornament, or cornice, is fixed ta the frame or wall with glue, or 
with white lead. 


| 
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To wake Glass Paper. 


Take any va of broken glass. (that with » greenish here is 
the best), uid pound it in an iron mortar, Then take several sheets 
| of paper, and cover them evenly with a thin coat of glue, and, 
| holding them te the fire, or placing them upon a hot piece of wood 
or plate of iron, sift the pounded glass over them. Let the several 
‘sheets remain till the glue is set, and shake off the superfluous 
powder, which will do again. Then hang up the papers to dry 
inud harden Paper made in thie manner is mueh superior to that 
generally purchased at the shops, which chiefly consists of fine 
sand, To vbtain differeat degrees of fineness, sieves of different 
degrees of fineness must be used 


| 
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To make Stone Paper. 


As, in elenning wood-work, particularly deal and other soft 
woods, one process 8 sometimes found to answer better than 
another, we may deseribe the manner of manufacturing a stoue 
paper, which, in some cases, will be preferred to sand paper, as it 
produces a good face, and is less liable to scratch the work. Having 
prepared the paper as already described, take any quantity of 
vawdered pumice-stone, and sift it over the paper through a sieve’ 
uf moderate fineness, When the surface hag hardened, repeat the 
process till a aba thick coat has been farmed upon the paper. 
which, when dry, will be fit for usa 


| 
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WOODWORK, CARPENTRY, &c. 
Decay of Wood. 


Some woods decay much more rapidly than others; but they 
will al/, in some situations, lose their fibrous texture, and with i! 
their properties, To ascertain the causes which act upon woorls, 

{and effect their destruction, is an important object both to thic 
builder and to the public. 


Cause of the Decay of Timber. 


All vegetable as well as animal substances, when deprived of 
life, are subject to decay. 

If the trunk or branch of a tree be cut horizontally it will be 
seen that it consists of a series of concentric layers, dilfering from 
each other in color and tenacity. In distinct species of trees these/ 

| layers present very different appearances, but in all cases the outer 
rings are more porous and softer than the interior. Wood is essen- 
tially made up of vessels and cells, and the only solid parts are 
those coats which form them, These vessels carry the sap which 
circulates through the tree, gives life and energy to its existence, 
| and is the cause of the formation of leaves, flowers, and fruit. But 
when the tree is dead, and the sap is still in the wood, « becomes 
the cause of vegetable decomposition by the process of FERMENTATION. 
There are five distinct species of vegetable fermentation—the 
saccharine, the coloring, the vinous, the acetous, and the putrefac- 
j tive. We are indebted to Mr. Kyan for the discovery that albumen} 
is the cause of putrefactive fermentation, and the subsequent de- 
, composition of vegetable matter. 
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Circumstances favorable to Vegetable Decomposition. 


Wood is not equally liable to decay under all circumstances. 
When thoroughl dved it is not so quickly decomposed as when in 
its green state, for in the latter condition it has in itself all the 
elements of destruction, and it is scarcely possible to prevent the|: 
effect if it be then used in building. But supposing the timber to 
be perfectly seasoned, it is more liable to decay under some cireum- 

| stances than in others, Timber is most durable when used in very 

: dry places. 

i When timber is constantly exposed to the action of water, the 

: decomposition effected will depend upon the nature aud chemical 
composition of the substance. A portion of wood may be soluble 

!in water, but other parts are not; so that after a definite period, 
the continued action of water upon a piece of timber ceases, and if 
it can sustain the influence of this cause until that period there is 
no termination to its endurance, except from those casualties which 
it might have been able to bear in its original state, but cannot 
: after the removal of that portion of its substance soluble in water. 
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Should a piece of timber that has been for a long time exposed to watrr 
be brought into the air and dried, tT WILL BROOME BRITTLE AND USELESS. 

When wood .is alternately exposed to the ‘inflnence of dryness 
and moisture it decays rapidly. It appears, from experiments, that 
after all the matter usually soluble in water has been removed, 8 
fresh maceration and contact of the air produces ‘a state of matter 
in that which is left which renders it capable of solution. A piece 
of timber may then in this manner be more and more decomposed, 
until at last thé whole mass is destroyed. The builder is sometimes 
compelled to use wood in places where it -will be exposeit to ‘alter 


_hate dryness and moisture; fencing, weather boarding, and other 


works, are thus exposed. In all these cases he may anticipate the 
destructive process, and provide against it. The wood used in such 
situations should be thoroughly seasoned, and then painted or 
tarred; but, tf it be painted when not thoroughly seasmned, THE 
DESTRUCTION WILL BE HASTENED, for the evaporation of the contained 
vegetable juices is prevented. 

There is one other circumstance to be considered—the infitence 
of moisture associated with heat. Within certain limits the 
decomposition resulting from moisture inereases with the’ tempe- 
rature. The access of the air is not absolutely necessary to the 
carrying on of this process, but water is; and as it goes on, car- 
bonic acid gas and hydrogen gas aré given off The woody fibre 
itself is not free from this decomposition, for, as the earbonaceous 
matter is abstracted by fermentation, it becomes more susceptible 
of this change. This statement is proved by the circumstance, that 
when quicklime is added to the moisture the decomposition is 
accelerated, for it abstracte earbon; but the carbonate of lime pro- 
duces no such effect: a practical lesson may be learnt from this 
fact; if timbers be bedded in mortar, decomposition must follow, 
for it is a long time before it can absorb sufficient earbonie acid to 
neutralize the effect, and the dampness which is collected by con- 
tact with the wet mortar increases the effect. When the wood and 
the lime are both in a dry state no injury results, and it is well 
known that lime protects wood from worms. 

When the destructive process first becomes visible it is by the 
swelling of the timber, and the formation of a mould or fungus 
upon its surface. This fungus or cryptogamic plant rapidly in- 
ereases, and soon covers over the whole surface of a ptece of timber, 
having a white, grayish-white, or brownish hue. When the seeds 
of destruction are thus once sown they cannot be readily eradicated. 
Heat and moisture may be considered the prominent causes of the 
rapid decomposition of vegetable substances. When wood is ecom- 
pletely and constantly covered with water this effect is not pro- 
duced ; and we have an example in the fact, that, although those 
parts of a vessel which are subject to an occasional moisture are 
liable to dry rot, yet those parts which are constantly beneath the 
water are not ever thus affected ; and although the head of a pile, 
which may be now and then wetted by the casual rise of the tide, 
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and is then dried again by the sun, may be decomposed, yet those 
parts which are always covered with water have been found in a solid 
state after CENTURIES of immersion. 


Means of Preventing Decay. 

‘Something may be done towards the prevention of decay by 
felling the timber ‘at a proper season. A tree may be felled too 
soon or too late, m relation to its age-and to the period of the year. 
A tree may be-so young that no part of it shall have the proper 
degree of hardness, and even its heart-wood may be‘no better than 
sap-wood ; or a tree may be felled when it is so old that the wood, 
if not decayed, may have become brittle, losing all the elasticity of 
maturity. The time required to bring the several kinds of trees to 
maturity varies according to the nature of the tree and the situa- 
tion in which it may be growing. Authors differ a century as to 
the age at which oak should be felled, some say one hundred, and 
others t:vo hundred years; it must, then, be regulated according 
to circumstances, 

But it is also necessary that the timber trees should be felled at 

& proper season of the year; that is to say, when their vessels are 
least loaded with those juices: whieh are ready for the production 
of sap-wood and foliage. The timber of a tree felled in spring or in 
autumn would be especially liable to: decay; for it would contain the 
element of decomposition. Midsummer and midwinter sre the 
aay times for cutting, as the vegetative powers are then ex- 

ende 
‘ There are some trees, the bark of which is valuable, as well as 
the timber; and as the best time for felling is not the best for 
stripping the bark, it is customary to perform these labors at 
different periods. The oak-bark, for instance, is generally taken off 
in early spring, and the timber is felled AS SOON AS THE FOLIAGE 18 
pEaD; and this method is found to be highly advantageous to the dura- 
bility of the timber. The sap-wood is hardened, and all the avail- 
able vegetable juices are expended in the production of foliage. | 
Could this plan he adopted with other trees, it would be desirable; 
but the barks are not sufficiently valuable to pay the expense of 


stripping. 
Seasoning Timber. 


Supposing all these precautions to be taken in felling timber, it 
is still necessary to season it; that is, to adopt some means by 
which it may be dried, so-ag to throw off all the juices which are 
still associated with the fibres of the wood. As soon as the timber 
is felled, it should be removed to some dry place; and, being piled 
in such a manner as to admit a circulation of air, remain in log for 
some time, as it has a tendency to prevent warping. The next 
process is to cut the timber into scantlings, and to place these 
upright in some dry situation, where there is a good current of 
air, avoiding the direct rays of the sun. The more gradually the 
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process of seasoning is carried on, the better will be the wood for 
all the purposes of building. Mr. Tredgold says, “It is well known 
to chemists, that slow drying will render many bodies less easy to 
dissolve; while rapid drying, on the contrary, renders the same 
bodies more soluble. Besides, all wood, in drying, loses a portion 
of its carbon, and the more in proportion aa the temperature is 
higher. There is in wood that has been properly seasoned a 
toughness and elasticity which is not to be found in rapidly dried 
wood, This is an evident proof that firm cohesion does not take 
place when the moisture is dissipated ia a high heat. Also, sea- 
soning by heat alone, produces a hard crust on the surface, which 
will scarcely permit the moisture to evaporate from the internal 
part, and is very injurious to the wood. 

“For the general purposes of carpentry, timber shoud not be used 
in less han two years after it is felled; and this is the least time 
that ought to be allowed for seasoning. For joiners’ work it 
requires four ene unless other methods be used; but, for car- 
pentry, natural seasoning should have the preference, unless the 
preasure of the air be removed.” 

Many artificial methods of seasoning timber have been proposed ; 
and a brief notice of some of those which have been found most 
useful will be required. 


Seasoning by a Vacuum. 


All the vegetable and animal juices are kept in their particular 
vessels by the pressure of the atmosphere: remove that pressure, 
and the animal fluids could no louger be retained by the veins and 
arteries; and the vegetable fluids would exude and appear on the 
surface of the plant. Place a small piece of wood beneath the 
receiver of an air-pump, and exhaust the air, and in a short time 
the wood will be covered with drops of the liquid which can no 
longer be retained, as the atmospheric pressure is removed. Mr. 
Langton thought that this might be applied to the extraction of 
those vegetable juices in timber, known to be the cause of its 
decay. An arrangement was therefore adopted, by which large 
masses of timber might be inclosed in a vessel having such ma- 
chinery as would be necessary to exhaust the air, heat being at 
the same time employed so as to vaporize the exuded juices. The 
vapor is conveyed away by pipes surrounded by cold water, and is 
condensed into liquid having a sweet taste. This process is deserv- 
ing of more attention than has hitherto been given to it. 


en A 


Water Seasoning. 


It has been stated, by various writers, that wood immersed in 
water for about a fortnight, and then dried, is better suited for all 
the purposes of the joiner. There can be no doubt that immersion 
in water tends to neutralize the effect of the saccharine matter, by 
dilution or an almost absolute removal. This process has also the! 

| effect of rendering the wood less liable to crack and warp; but, if 
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we Judge by Duhamel’s experiments, it injures the strength of the 
material, and should not, therefore, be adopted in any instarce 
where the timber is to be employed by the carpenter. Evelyn 
recommends boards that are to be used for flooring to be seasoned 
in this way: “Lay your boards,” he says, “a fortnight in water, 
if ranning the better, as at a mill-pond head ;) and then setting 
them upright in the sun and wind, so as it may pass freely throuuzh 
them, turn them daily; and thus treated, even newly-sawn boards 
will floor far better than those of a many years’ dry seasoning, as 
they call it.” Timber intended for ship building may be immersed 
in sea water; but that which is to be used for houses ought to be 
placed in fresh water ; for if timber, or any other building material, 
be impreguated with salt, it will ever i wet, for salt attracts 
moisture so readily that it may be used approximately as a hygro- 
meter. Plaster or mortar made with salt water will always sweat 
with a moist etmosphere ; and timber intended for the house car- 
penter, if impregnated with salt, will always be damp, or covered 
with a crystallized effloreseence. Much injury, however, is some- 
times done by not thoroughly immersing the timber; the carpenter 
should therefore be careful when he employs this method of season- 
ing, that the timber is entirely covered with water, and that it be 
not exposed to its action for too long a time. 


Seasoning by Smoking and Charring. 


Authors who have written upon the seasoning of timber have 
spoken of the effects of smoke, and the carbonization of the surface. 
We have adopted the same arrangement, but it will be necessary 
to caution the reader against a miscouception of a very inaccurate 
expression. Timber cannot be seasoned by either smoking or 
charring. but seasoned timbers may be made more capnble of 
resisting the effects of certain situations by these processes. Should 
a piece of timver, containing the vegetable juices, be smoked or 
charred, it wuld be a means of accelerating decomposition; for 
preventing all means of evaporation, the common sources of protec- 

, tion would become sources of destruction. But when timber is to 
be used in situations where it is liable to be attacked by worms, or 
to produce fungi, it may be desirable to smoke or to char it, 


Seusoning by Boiling or Steaming. 


Timber is sometimes seasoned by steaming or boiling, both of 
which means are frequently adopted by ship-builders. The strength 
of timber appears to be somewhat impaired by these processes, but 
it is generally less liable to shrink or crack. Duhamel states that 
he boiled a piece of wood, and then dried it upon a stove, but ia 

, drying it, it lost part of its substance, as well asthe water contained, 
' and, upon a repetition, he found that it had lost still more of its 
weight. Four hours’ exposure to steam or boiling water is sufficient 
for timbers of ordinary dimensions, and the drying afterwards goes 
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on very rapidly, but it should be done as gradually as possible. 
The joiner frequently finds it necessary to steam or ‘boil wood, to 
bend it into a particular curve, and also the shi »-builder. It has 
been stated by writers on ship-building, that boiling increases the 
durability of timber; and, in proof of thia, they inform us that the 
planks in the bow of a ship, which are bent in this way, are never 
affected by the dry rot. 

It may now be inquired whether, after the most perfect season- 
ing, timber is secnred against the process of decay? To this ques- 
tion a negative answer must be given. However well the timber 
may be seasoned, it will certainly rot if placed in a damp situation, 
the rapidity of the decomposition depending upon the nature and 
state of the wood, and tlie activity of the destroying agent. As the 
builder seldom attempts any other seasoning than that which 
depends upon drying his timbers, it is absolutely necessary that he 
should carefully avoid the rise of damp, and adopt every means in 
his power to prevent this evil. Timbers are usually placed in con- 
tact with walls, but it must not be se agree that this is sufficient 
to keep them from the access of damp, for mney are frequently the 
conducting media. Brickwork very readily absorbs moisture, and 
also throws it upwards, so that the ends of timbers are in contact, 
with the very source of mischief. To prevent the rise of damp 
upwards, it is common to use, for a few feet above the foundations, 
cement, a substance impervious to water, instead of mortar, or to 

lace between the courses zine or slate, But that these plans may 
te effective, the basement walls should be surrounded with an open 
area, for, if in contact with the earth on their sides, they can be o 
no value. To prevent dampness from entering in front, the brick- 
work should be covered with compo, or some substance imper 
meable to water. 

Another thing to be considered, for the security of timbers, is to 
ee in every plan of a building, for a perfect circulation of air. 
Ventilation is a most iniportant requisite in the construction of a} 
building, although it is generally a matter of very little importance 
in the consideration of those who have to plan or construct build-| 
ings. The ventilation of roofs is by no means difficult, but there; 
are often so many obstacles to the ventilation of flooring that the 
designer will not give sufficient attention to his subject to provide 
against them. These things, however, are not matters of specu- 
lation, to be attended to by those who have no higher employment, 
but are absolutely necessary for the construction of a werk that is 
intended to survive the builder, 

The attention of scientific men has been recently directed to the 
experiments made by Mr. Kyan. Having made a great number of 
experiments with a view to ascertain the primary cause of vegetable 
decomposition, he was at last convinced that albumen was that 
cause, and that to neutralize ita effects would be to prevent decom- 
position. Some plan was required similar to that adopted in 

tanning, The gelatin in animal bodies is quite asa liable to decom- 
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position as the albumen of vegetables; but when tannin, the infu- 
sion of oak bark, is combined with it, the destructive properties are 
lost, and the animal matter becomes durable, and almost incapable 
of decay. Reasoning upon this effect, Mr. Kyan imagined that it 


! might be possible to prevent vegetable decomposition by causing 


the albumen to form a combination with some other substance; 
and, knowing the affinity of corrosive sublimate for the albumen, 
he entered upon a series of experiments, which led him to propose 
the use of that substance as a protection for timber. 

Mr. Kyan inferred that, as wood consists of various successive 
layers, in which the albumen. or juices containing albumen, circu- 
lated freely, it is quite certain, as these juices within the wood, 
with the watery parts, fly off by the leaves, that the albumen 
remains behind, and it is probable that this albumen, which from, 
its nature is peculiarly prone to enter into new combinations, is the 
thing in wood which begins the tendency to decomposition, and 
produces ultimate decay, whether that decomposition is attended 
with the formation of eryptogamic substances, or whether in the 
Jess organized form, the change occurs with the simple production 
ot what has been called the dry rot. Mr. K. conceived, therefore, 
if albumen made a part of wood, the latter would be protected by 
converting that albumen into a compound of protochloride of 
mereury and albumen; and he proceeded to immerse pieces of 
wood in this solution, and obtained the same result as that which 
he had ascertained with regard to the vegetable decoctions. 
Having done s0, it became necessary to employ various modes of 
experiment, as well as comparative experiments, Now it is not 
clear in what part of the wood the vegetable albumen may be 
found, though it exists more especially in that part of the tree 
which is denominated the alburnum or sap, and is found between 
the heart-wood and the innermost layer of bark. The wont 


of all practieal men has confirmed the opinion, that this portion of 
wood is the first to decay. 

It is probable that, as the alburnum becomes successive layers of 
wood, it loses a guantity of albumen; or that, in consequence of 
the pressure which takes place by the addition of each successive 
layer, it becomes so situated as to Jose a part of its exposure to the 
vessels where a change may occur, and therefore becomes, in some 
measure, protected; for that which is one year alburnum or sap, 
may be, and indeed generally is, proper wood the next. 

he mode in which the application of the solution takes place is 
in tanks, which may be constructed of different dimensions, from 
twenty to eighty feet in length, six to ten in breadth, and three to 
eight in depth. The timber to be prepared is placed in the tank, 
and secured by a cross-beam to prevent its rising to the surface. 
The wood being thus secured, the solution is then admitted from 
the cistern above, and for a time all remains perfectly still. In the 
course of ten or twelve hours, the water is thrown into great agita-: 
tion by the effervescence occasioned by the expulsion of the air 
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fixed in the wood, by the force with which the fluid is drawn in by 

chemical affinity, and by the escape of that portion of the chlorine, 
or muriatic acid gas, which is disengaged during the process. In 
the course of twelve hours this commotion ceases, and in the space 
of seven to fourteen days, varying according to the diameter of the 
wood, the change is complete, so that as the corrosive sublimate is 
not an expensive article, the albumen may be converted into an 
indecomposable substance at a very moderate rate, and the season- 
ing will take piace in the course of two or three weeks.” 

Mr. Kyan’s method of seasoning has been already tested, under 
circumstances so severe, that they may be said to have proved its 
efficiency. A piece of oak was five years in the fungus pit in Wool- 
wich yard, London, a place notorious for the rapid and almost 
instantaneous destruction of vegetable matter, and it was as sound 
when taken out as.when putin. This was the most severe test to 
which the method could be subjected, and its having sustained the 
trial is a proof of the value of the discovery. It has, however, been 
objected to the process, that the impregnation of timber with corro- 
sive sublimate must unfit it for use in ship-building; but Mr. Kyan 
has furnished evidence to the contrary, and proves that salubrity is 
one advantage. We strongly recommend the builder to make 
experiments himself upon wood prepared by Mr. Kyan, by using it 
in places where decay is rapid. e 


Framing of Timbers. 


When timbers are framed together, it is.with the intention of 
supporting some weight, or resisting the etrains to which the mate- 
rials may be exposed in the situations where they are to be placed. 
Horizontal or verticad timbers are not always of themselves suffi- 
ciently strong to suatain the pressure to which they may be sub- 
ject, but they need assistance, and it then becomes a question, how 
can the materials intended to assist be best applied, and what are 
the smallest scantlings that can be adapted? Two things. must be 
studied—stability and economy. It has been often stated that these 
two results cannot be accomplished by the same arrangement, but 
as the forces which are to be opposed have usually a direct appli- 
cation, so the system by which they are to be resisted may, 
usually, be of a simple construction. 


Composition and Resolution of Forces. 


Two great mechanical principles lie at the base of all proper 
attempts to estimate the nature of the forces which may be exerted 
upon substances in particular situations; these principles are called 
the composition and the resolution of forces. 

The resolution of forces is the means of finding any two or more 
forces which may resist or control the, pressure of any one force. 
The composition of forces consists in finding the direction andj 
anount of one force that is capable of producing the same effect as 
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‘ two or more forces acting in different directions. This is, in fact 
only the reverse of the resolution of forces, and the two are 
strictly speaking, but one principle; and if the one process bi 

' understood, the other must be almost so of necessity. Nor may thi 
student pass over this part of the work, under a fear that it is toc 

. mathematical for him to understand, for he can never be certait 

. that the roofs or other framing which he may design will suppor 
the weights they are intended to carry, if he does not know how t¢ 

Sanieort the action of the weights or forces by which they may tx 

' pressed. 


‘ Let BD, fig. 1, be the king-post of a roof, and let BA, BC, be 


Fig. 1. 


the rafters: they are framed together for the purpose of carrying 
.some weight; and the question 13 this—are they sufficiently strong 
to. carry the weight which is to be placed upon them? To deter- 
‘mine this we net refer to the resolution of forces. Let us sup- 
pose some determined weight to rest upon the point B. Then, by 
‘gome zcale of equal parts, draw a line PZ equal to the number of 
pounds, hundred weighta, or tong, resting upon the point B, and 
draw da parallel to BC, and dc parallel to BA. Now measure the 
line a B by the same scale, and it will give the number of pounds, 
handred weights, or tona, by which AB 1s strained, and ¢ B will 
ae the strain upon BC, But, in the drawing affixed, the rafter 
C is longer than the rafter BA; but this does not at all affect 
the weight, for it remains the same, whatever may be the length of 
tthe beam which carries it; but it is necessary to remember that, 
by increasing the length of the beam, it is rendered Jess capable of 
supporting the weight, and a proportionate increase of dimensions 
Taust be allowed. But should the direction of the beam be 
changed, a very differeat result will be obtained, for in every case 
the pressure will be increased or decreased. The strain upon the 
beam BA, fig. 2, will now be measured by the line a6, and that 
upon Be by be In fact, a very slight alteration of position may, 
under certain circumstances, enormously increase or decrease a 
strain. It will be scarcely necessary to explain how two or more 
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forces may be com- 
. posed, and the sin- 
gle force, acting a 
a certain direction, 
‘be calculated. 
Leaving the sub-; 
ject of the compo-' 
sition and resolu-, 
tion of forces, after 
a statement of the 
principle, we may 
proceed to explain, 
the construction 
and arrangement 
; of those parts of a 
pes building which be- 
long to the carpenter. And, first of all, we may speak of roofs. 


The Construction of Roofs. 

The simplest method of constructing a roof is to place horizontal 
timbers from wall to wall, but this method is au suited to roy 
short bearings, and-does not readily throw off the water whic 
may fall upon its covering. The Egyptians constructed flat roofs 
To prevent this ineonvenience, a roof may be made as an inclined 
plane; and such a construction’ has advantages, though its want 
of uniformity and beauty, and also its want of strength, propor- 
tioned to the amount of timber employed, are objections.to ita use;: 
but still it is stronger than the flat roof, and readily carries off the 
water that may fall upon it. The best ferm for a roof is that in 
which there are two sides, equally inclined to the horizon, and 
resting in a line called the ridge of the roof. The angle which the 
inclined side forms with the horizon is called the pitch. In coun- 
tries where there is a cold climate, and snow is apt to fall in lurge 
quantities, the roof is high; in warm countries the roof is low. In 
Gothic architecture the roof is generally high pitched, and it is so 
consonant with the style that it often forms a prominent feature in 
these buildings. There are not 80 many advantages in high pitched 
roofs as most persons suppose, and there are many disadvantages 
The additional force of the wind upon a high roof is a serious! 
objection, and when parapets are employed it is so far from pre-' 
venting the effects of a heavy fall of rain or snow that the gutters 
are so filled that the pipes cannot carry off the water fast enough, ; 
or, being stopped by the dirt carried down by the velocity of the, 
water, an overflow is occasioned. The height of roofs is now gene- 
rally between one third and one sixth of the span. 

It is the carpenter’s business to fraine the timbers ef roofs, and 
sometimes he is required to design them, and he should therefore 
know how to obtain the strength and other qualities required, with 
the smallest possible amount,of timber. 
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A piece of timber, in. whatever way it may be placed, excep! 
when vertical, will bend or sag, that 1s to say, its upper side wil 
form itself into a concave surface. The more horizontal the timber! 
is placed the more it will always sag, and as the distance betweer 
the points on which it rests is increased, so it has greater liabilitie: 
of bending.. To prevent this effect as much as possible, arrange 
ments’ must be made for the support of the beam in some inter. 
mediate pone. Now, it may be supported from either above o1 
below. If there should be-any walls between those on which the 
ends of the timber rest, these will be sufficient for all the purposes 
required ; if not, the same result must be produced by a system oi 
framing. 

The timbers whieh compose a roof are known by different names 
according to the uses for which they are employed, and the situa. 
tions in which they are placed.’ The principal timbers of a roof are 
the following, but they are not all used in every roof: the tie 
beams, wall-plates, collar-beams; king-pests, queen-pasts, struts, 
principal rafters, common rafters, ridge-piece, collar-beams, ptrlins, 
and poleplates, nie 

The Tiz-sram (a), fig. 8, is a horizontal pieee-of timber, which 

; j tage 


Fig. 3. 


extends from wall to wall, and rests upon the Watt-ptates (B) at 
each end. - It is ‘employed for the purpose of connecting. the feet of 
the principal raftera (C), which would otherwise have a tendency to 
push out the walls by their own weight, and the weight of the 
materials placed upon them: In roofs.of large span, it.is necessary 
that the tie-beam should be well supported in some point or 
points, between‘the ends on which it ie supported, for if this be not 
dong it will sag and draw either one or both of the principal raf: 
-tera. towards its eentre, and.thus destroy the stability of the 
framing... The Kine-rost (D) is sometimes used for this purpose, It 


oe 
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is a piece of timber placed in a vertical position, connecting the 
point where the two principal rafters meet, and the centre of the 
tie-beam. 

When the king-post is not thought to be sufficient to support the 
pressure which may be on the framing, QuEEN-posts (B), fig. 4, may 
be used, which are pieces of timber placed in an upright position, 


Fig, 4. 


supporting severally the two rafters, and equidistant from the 
centre of the truss) The horizontal piece of timber (C) which con-| 
nects the heads of the queen-posts, is called a, straining-beam; and 
that which connects their base, so as to prevent the struts from 
pushing them nearer to each other, is called a straining cill. Those 
pieces which are placed in pairs, to assist in supporting the prin-' 
cipal rafters, are called struts; they are frequently used to unite, 
the rafters and the base of the king-post. - Any horizontal timber’ 
above the tie-beam is called a collar-beam. The ridge-piece (H) 
is that piece of timber which forms the apex of the roof. and is; 
supported by the heads of the principal rafters or the king-posts, 
and in its turn supports one end of the common rafters. A pole- 
plate is a beam over the walls, supported by the principal rafters: 
or the tie-beam, and is intended to carry the lower ends of the: 
common 'rafters. Purlins (E) are horizontal timbers, between the| 
pole-plates and ridge-piece. The small spars (ec), which are 
parallel to the principal rafters, and are supported by the ridge- 
plate, purlins, and pole-plates, are called common rafters. 


Lhe Dimensions of Timbers used in a Roof. 


However accurately a roof may be designed, it is unfit for ita 
purpose if the dimensions of the parts be not accurately propor 
tioned. To accomplish this, some experience is required, and a 
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knowledga of.the strength. of timbers, under particular ieeaael 
stances. ee ee ee ee 7 | = 

There are two things to be secured—a sufficient strength to sup- 
port the weights to be carried without sagging. and to do that) 
without burdening the walls ‘or other parts of the building over'. 
-which the roof is thrown. .This*is.not always an easy task, for 
‘roofs are sometimes to be ynade‘in sych forms as prevent the adop- |; 
tion of those means whieh-would otherwise immediately accomplish ‘ 
_the object. Sometimes‘a very large roof giyst be made flat, at other 
times a lantern-ligkt must be provided ip.its centre; and, in aj. 
third case, it may be neeessary to erect a dome. In designing for|. 
these and other roofs, attention should be paid te the character and 
success of similar works already executed, and the artist should 
study the points of similarity and difference between these and his 
own work, so as to provide against dangers, which may peculiarly 
affect his building. 


Examples of Roofs. 


Fig. 5 is a roof, the raf- 
ters-of which ara only sup-, 
ported by a collar-beam (C), 
whieh acts.in part as a tie; .. . 
but this arrangement is so 
feeble, that it should never 
be used over a space where - 
o spans more than fifteen 

eet. 


: - Fig & ; | 

In fig. 6 there is the addition of a tie-béam (A), and the strain is| 
here thrown from the collar to the tie-béam; the former being| 
compresped, the latter in a state of tension. As there is no arrange- 
PG ots 


. 
‘ 


Fig. 6. ; 
ment in this truss to support the tie-beam, and to prevent it from 
tagging, iti unfit.for a span of more than twenty-five feet 
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To prevent the inconveniences resulting from the sagging of the 
tie-beam, a king-post (P) and struts (SS) may be introduced, as 


shown in fig. 7. This form of roof is very well adapted for a span 
of twenty-five feet. 
For a span of thirty to five-and-forty feet, the truss represented 


Fig. 8. 


in fig. 8 is very well suited, and is now very commonly adopted by 
architects and builders, ” oe ° 


Floors. 


The timbers which support the flooring hoards, and the ceiling 
of a room beneath, are called, in carpentry, the naked flooring. 

There are three kinds of naked flooring—single, double, and 
framed. 

Single flooring is that in which there is but one series of joists, as 
shown in fig. 9, where AAA are joists, and B the flooring-boards | 
To make a single floor as strong as possible, the joists should be, 
thin but deep, sufficient thickness being always allowed for the 
nailing of the flooring boards. Two inches by six is the smallest 
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Fig. 9. 

dimension for joists; for a length of every feet they should be 
about three inches thick, and twelve inches oot 

Sometimes the joists cannot have in a particular place a bearing 
upon the walls, and then a piece of timber is framed between the 
nearest joists. This is done where flues, fire-places, and stairs inter. 
fere. ‘The timber thus used is called a trimmer, and the two joists 
on which it is supported are called trimming-joista, and should be 
made a little stronger than the common joists. Thus, in fig. 10, 


Fig. 10. 

AA are common joists, BB trimming joists, and C a trimmer. 

When the bearing is more than seven or eight feet, the joists 

should be strutted; that is to say, short pieces of board should be 

fitted between the joists, so as to form a continued line from wall 

to wall. These struts greatly strengthen the floor, and prevent the 
, joists from sinking; but it is not desirable to mortice them into the 
Joista, as that process has the effect of weakening the joists them- 

selves. 
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Double flooring is that in which there are two tiers of joists, the 
binding joists, as A A, in fig. 11,-which in fact support the floor, and 
the bridging joists B B. In this kind of flooring, the hinders extend 
from wall to wall, and the bridging joists are notched down upon 
them. Beneath the ‘binders we have a third tier of trmbers (D), 
which are pulley-morticed iite.the binders, and are ealled--eeiling 
joists. ee ae ; 

When the binding joists are framed into a.large piece-of timber, 
called a girder, the floor is said-to-be a double framed floor. “Thus 
in fig. 12 A is the girder, B a binding’ joist, C a. bridging joist, D D 


Fig. 12-- . , 


ceiling joists, and E flooring boards. This kind of floor is deci- 
dedly the best when it is necessary to provide for a good and even 
ceiling, for although single floors may be made very strong for a 
reat beavlug, yet the eeilings are always liable to-crack. - 
It is not easy to obtain timber fer girders of. much more than 
twenty feet scantling, and-they are therefore trussed. Trusses are 
used in both floors and roofs, but we have not thought it desirable 
} to interrupt the course: of: explanation we have given, by a refer- 
ence to any particulars concerning this branch of carpenter's 
work; yet it is-neecessary that we should now make a:few remarks 
upon it. 


"Trusses. 
When timbers are so framed together as to support weights, 


they are called trusses. It frequently happens that a piece of 
timber, in itself incapable of ‘supporting 1 weight, may, when cut 
‘into scantlings of different dimensions, and framed together, not 
only carry that weight, but also support @ much greater. The bow 
and string roof, invented by Mr. Smart, ig an example in point. 
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Let A A, in fig. 18, be a piece of timber, which we will suppose to 
be insufficient of itself to carry a particular weight; from this cut 
the pieces o, s, ¢ 5, and o,a,d ce. Then let these pieces be raised 
as in fig. 14, and a key be placed between them at the apex; and 
it will form a ual strong 
truss, which may be made 
still more capable of resisting 
a strain, by the application of 
struts. Fig. 14. 

The principal rafters of a 
roof are so called because they are trussed. It is not necessary to 
truss all the rafters in a roof, and it would be very expensive to do 
so; and therefore trusses are placed at particular distances from 
each other, according to the weight to be carried; and they are 
formed in different ways, according to the span over which they 
are thrown. 

It has been already stated, that girders are sometimes trussed, 
and should always be when their bearing is much more than 
twenty feet. We have often seen trusses which, so far from 
strengthening the girders, have decidedly weakened them. Large 
girders are sometimes sawn down the middle, and when reversed, 
are bolted together with slips of wood between them. It has 
been supposed that this strengthens, and is adupied for this pur- 
pose ; but the supposition is erroneous, though the plan is certainly 
a good one, for it allows a free circulation of air between the 
pieces, and facilitates the emission of any dampness that may-be in 
the timber. 

A strong girder may be made as strong, in fact, as any truss of 
the same depth, by bolting two pieces of timber toyvether, or by 
confining them with iron hoops, the enda of the girder being 
smaller than the centre, eo as to allow the hoops to be driven 
tighter, and confine the beams. 

In fig. 15 we have given a representation of a strong truss 


girder, the truss post and the abutment pieces being made of 
wrought iron. 


Of Connecting Timbers. 


It is sometimes impossible to obtain timbers of the length 
required for the several parts of a building, and it is then necessary 
to join two or more pieces together, so as to form them into one 
piece, and to injure the stability as little .as possible. This process 
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is called scarfing, and the parts of the joints whieh como in contact 
are called scarfs, and are usually connected by iron bolts. 

There are many ways of séarfing, every builder adopting that 
one which appears to him the. best under the. circumstances in 
which the timber is to be employed. Two. or three different 
methods may be mentioned, leaving the workman to examine those 
which he may happen to meet with in practice, and the various 
designs which have been given by writers on: the art, of building. 

Fig. 16 shows the means of scarfing without diminishing the 


Fig. 16. 


length of the pieces. This is done by. the introduction of a third 
piece, having the form of steps, and all the pieces being united 
together by bolts and plates. ; 

Fig..37 is a representation of a searfing, which is very simple, 
and frequently used, though there.is a considerable loss of timber. 


The pieces to be united are connected by tron bolts, an irof piate 
being placed on both sides. 
Fig. 18 represents a form of scarfing, adapted to a beam, which 


Fig. 18. | 


has to support a cross strain. In many arrangements, the whole 
strain is supported by the straps and bolts, but in this they do not,’ 
in consequence of the indentation. - . 


Timber Partitions. . _ | 


Rooms and arses are often separated by timber partitions| 
which are so formed ag to be covered-with lath ‘amd plaster: In 
fig. 19 we have given a design for the framing of a-partition, with 
a door through it; AA are the door-posts, B.the head, C the sill, 
DD are braces which support the quartering, andiare assisted by 


. 
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Fig. 19, 

'the strats, EE. It will be:quite evident: from a glance at the draw- 
‘lag, that the door-posts help to sustain the braces and struts; while 
' they in return prevent the fall of the door-posts) Braces may be 
| introduced in Vvarions ways, -but. strength.1s ‘the, object for which 
they ought to he intreduced, # circumstance which is very fre- 
| quently entirely forgotten by -carpentera . Ia some instances, it 
| may be found desirable to introduce: « simple truss into a design: 
for partitions. 

The carpenter usually connects his timbers either by notching, or 
by mortice and tenon. Dovetail joints are sometimes used in car- 
pentry, but they ought never to be rip epee for they will always 
draw when the timber ‘shrinks, and the oblique surface of the 
dovetail tends to force the timbers -apart, acting as though it were 
awedge ; 

bo Gluing Jointel | 
In general, nothing more is necessary-to gine a joint, after the 
joint 1s made perfectly straight, or, in technical terms, out of 
winding, than to glue both edges while the glue is quite hot, and 
rub them lengthwise until it has nearly set. When the wood is 
spongy, or sucks up the glue, another. method muat be adopted, one 
which strengthens the joints, while it does away with the neces- 
sity of using the glue too thiek, which should always be avoided ; 
for the leas glue there is in contact with the joints, provided they 
touch, the better; and when the glue is thick, it chills quickly, and 
cannot be well rubbed eut: from between the jomta’ The method 
tv which we refer is, to rub the joints on the edge with a piece 
of soft ehalk, and, wiping it so as to take off any lumps, glue it 
in the usual manner ; and it will be found, when the wood is porous, 
to hold much faster than if used without chalking. 


Of the different Methods of joining Woodwork. 


Many workmen are not aware of the proportion which a piece 
made to fit into another should have towards that into which it is 


| 


| 
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fitted, so as to produce the greatest strength with the least agi) 
waste of material; or how to proportion. a joint, so that it shell not 

fail or give way before another. In too many instances, the 

method of joining woodwork is regulated by no other rule than the 

fancy of the workman. It is not difficult to explain why joiners’ 

work so frequently fails; why the parts separate with a trifling, 
strain; or, from being bound too tightly together, fly and split in 

all directions. It is not so frequently from the bad execution of the 

work, as from the want of an adequate estimate of the strength 

required to resist the stress on the joint. We shall, then, describe 

the several kinds of joints,:or the methods of framing and joining 

timber; and, under each head, give such directions, founded on the 

principles of mechanics, as will enable the workman to proceed 

with some degree of certainty; and not, as is too frequently the 

case with artisans, observe no other rules than those which custom; 
has authorized, and practice made familiar. 


Dovetailing. 


We have given, in the cuta, several examples of dovetailing. The 
parts which fit into each. other are known by different names; the! 
projecting piece, represented in fig. 20, is called the pin of the 
dovetail; and the aperture into which it is fitted, as shown in fig. 


Fig. 2. Fig. 21. 


21, is called the socket. Now the strength of a dovetail depends’ 
upon so proportioning the pin and the socket as to enable them to! 
support, rather than destroy, each other. Let A BOD, fig. 20, be! 
a scantling, which is required to be joined to another, by means of! 
a single dovetail The strength of the joint depends on the form! 
of the dovetail, as well as on the proportion it bears te the parts! 
cut away. We shall endeavor to vay ‘down the principle on which 
the greatest strength may be secured. Having squared the end of 


the sean! ling, and gauged it to the required thickness, A} K L Mf, 
divide IM into three equal parte, at K and L. Let KL be the 
small end of the dovetail, and make the angles IK G and MLH 
equal to about 75 and 80 degrees respectively; and make G E and 
HF parallel to AN and BO. Then cut away the parts AIK GEN, 
and BMLHFO, and having formed the socket to correspond, by 
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marking the form of the dovetail on the top of the piece ABCD, 
fig. 21, and cutting away accordingly, the pieces maybe fitted 
together, as shown in fig. 22. It may be here observed, that the 
bevel of the dovetail, that is, the angle 
IK G, fig. 20, may be either more or less 
than has heen mentioned, according to the 
texture of the wood. Hard, cloae-grained 
woods, not apt to rive or split, will admit of 
a greater bevel than those which are soft, or ° 
subject to split; thus the bevel of a dovetail 
in deal must be less than in hard oak, or in | 
mahogany. It is a great fault to make a Fig. 22. 
dovetail too beveling, for instead of adding 
to the strength of the joint, as some persons suppose, it weakens it; 
for provided the bevel is sufficient to’ prevent the possibility of 
ulling the pieces apart, the less the bevel that is given the better. 
t must have been observed, that there is a great difference between 
ithe dovetail made by the cabinet-maker arid by the joiner; the 
former has very little bevel, the latter very much; the former looks 
, heat, and is at the same time strong; while the latter, appearing 
to aim at strength, looks clumsy, and is at the same time much 
the weaker of the two. 

Fig. 23 represents the dovetail in common tse for drawer-fronts. 
When it is required to hide the appearance of the joint in front, 
the board ABCD is cut with the pin, and AEFB with the 
socket. The pins in this sort of dovetail are-in general from about 
three quarters of an inch to an inch'apart, aceording to the size of 
the pieces to be joined. 4 P 


Fig. 23. Fig. 24. 


Fig. 24 represents the pin part of a lap dovetail, which, when 
put together, shows only a joint, as if the pieces were rebated 
together, as shown in fig. 25. ABCD represents the pin, EFG H 
the socket, and when put together the line HG is only seen as a 

| joint; and if the corner AB is rounded to the joint GH, it will 

| appear as if only mitred together. This kind of dovetail is very 
useful for many purposes where neatness is required, such as in 
making boxes, 
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Fig. 2%. Fig. 2. 


Fig. 26 represents a still neater dovetail ; and, as the edges are 
mitred together, it is termed a mitred dovetail; and is the same as 
that shown in fig. 6, except that instead of the square shoulder, or 
rebat, in A B, it is cut into a mitre, and the other piece is made to, 
correspond, 

Another very neat as well as expeditious method of joining pieces: 
of wood, and it is somewhat analogous to dovetailing, is shown in 
fig. 27. The joint is first formed into a mitre, and the pieces are 
then keyed together, either by making a saw kerf in a slanting 
direction, as at AB, or by cutting out a piece, as at CD, in the, 
form of a dovetail. The first method, A B, is called, amongst work- 
men, keying together ; the second, C D, key-dovetailing. 


ae 


Fig. 27. Fig. 2. 


The last method to be mentioned is that shown in fig. 28, and| 
may be termed mitre dovetail grooving; the part A B being formed 
with shoulders cut to the required bevel, and a piece left for the 
pin dovetail, which is inserted into the socket dovetail, made to 
oe to it in the piece CD, which has been previously 
formed into a mitre. This method, though not much employed,: 
may be used with great advantage in many instanccs, particularly 
when it is required to join pieces together the lengthway of the 
grain. 


Mortice and Tenon. 


Under this head, we shall endeavor to give some rules nec 
to be observed in attempting to proportion the parts of the mortice 
and tenon, so that they may be equally strong, or that the tenon 
may not be more likely to give way than the checks of the mor 
tice; for this is the principal thing to be avoided. The workman 


as 
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frequently allows too little substance for the tenon, lest he should 
weaken the mortice; and sometimes he falls into the opposite 
error; facts which clearly prove that he is not acquainted with a 
means of obtaining a maximum of strength with a given quantity 
of material. 

Figs. 29 and 80 represent a simple mortice and tenon. The dotted 


lines show the parts to be cut aver To show the thickness of the 
tenon, and consequently the width of the mortice, we have here 
one tenon and two shoulders, that is, three parts; one of which is 
to be allowed for the tenon, and two for the shoulders; and this 
will in general be found the best proportion, for if the tenon be 
more than that, it will weaken the shoulders of the mortice. Now 
if we have, as is frequently the case, two tenons in one piece, as 
represented in fig. 31, there will be five parts, two tenons, and 
three shoulders; so that each tenon will be one fifth of the thick- 
ness of the stuff, for the shoulders are 
all equal to the tenons. This rule may 
be generally observed, unless the tenon 
is at a considerable distance from the 
end of the stuff, and then something 
more may be allowed for its thickness, 
as the mortice is then not so liable to WSs : 
split; but it should in no case, how- Fig. 81. 
ever sound the timber, or tough the 
material, be more than two out of four parts; that is to say, it can’ 
never be safe to make the tenon more than half the thickness of 
the stuff, and that only under particular circumstances, when the 
mortice is near the middle of the scantling, for the piece in which 
the mortice is cut would, in other cases, be considerably weakened. 
There is frequently in joiners’ work a shoulder at the bottom of 
the tenon that fits into the piece ee en, eee C-------- ee 
in which the mortice is cut, as re- =} 24 s 
resented in fig 32; andthe tenon i!/ [ 
18 divided into two parts, as there 
shown, which, when the stuff is 
| wide, is a good method, as it 
| strengthens the piece in which the 
mortice is cut, without weakening, 
| in the same proportion, the mortice 
itself ; and we would suggest, in 
| this case, that the piece BC, cut 
| out from between the tenons AB 


rg EP TD 


| 
| 
Fig. 29 Fig. 30. 


H 
-_ mw 


————— i rr ese i Ene 


Fig. #. 


328 Woopwork, Carpentry, ET0. 


and DC, be nearly, if not quite, one third of the distance AD; for 
if much less, the piece left between the mortice will add but very 
little to the strength of the piece in which the mortice is-made; 
and the tenon would be stronger in proportion to the mortice-piece 
than necessary. It may be here observed, that if the width of the 
tenon be much more than: four'-times its .thickness, additional 
strength will be gained by dividing the tenons into two or more 
parts, as shown in the figure, particularly if we allow a small piece 
at the bottom of the tenon, as represented in the drawing. 


Growing and Lapping. 

This‘ method of joining wood-work is analogous to that of mor- 
ticing and tenoning. When it is required to join two boards toge- 
ther by means of a tongue and groove, the groove should never! 
exceed: one third of the thickness; and often, if the piece for the, 
tongue be formed of hard wood and liable to split, one quarter of 
the thickness will be sufficient. When a panel is let into a groove 
in the style, the joiner is often guided by the thickness of the panel 
itself, which should never be less than une third the thickness of 
the style. 

In making a groove across the grain, as for partitions, it will be 
best, in Most’ cases, to make it about a fifth or sixth of the substance 
of the stuff But, if the groove be formed into a dovetail, one 
quarter the thickness will be better, and the dovetail should be 
made a little tapering, but not too much, It should, in fact, be so 
made as to go almost home without requiring a blow from a 
hammer or mallet to drive it into its place until it has nearly 
attained it; and all joints should be easily gi oe with a gentle 
blow before they are glued. In a lap-joint, that is, in lapping two 
pieces together, supposing them of equal thickness, half the sub- 
stance of each should be cut away; and, if of unequal thickness, 
the lap should be made in the thinner piece, of about two thirds or 
three quarters of its thickness, according to the substance of the 
thicker piece; thus endeavoring in this, as in all other cases, to 
avoid weakening one piece more than another. 


Bending and Gluing-up. 


In bending and gluing-up stuff for sweep-work, much judgment 
is necessary, and, as the methods are various, we shall mention a 
few which the workman may apply, as occasion may require, one 
method being preferable to another, according to the nature of the 
work in hand. 

The first and most simple method is that of sawing kerfs or. 
notehes on one side of the board, thereby giving it liberty to bend 
in that direction; but this method, though very ready and useful 
for many purposes, weakens the work, and may cauee it to break 
when strains are thrown on the piece. But a tolerably strong 
sweep may be made in this manner, if, after sawing the kerfs 
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' (particular care being taken to make them regular and even, and 
‘to saw them at regular depths), some strong glue be rubbed mto 
‘each kerf. When bent into the required sweep, a piece of strong 
‘canvas should be glued over the kerts themselves, and the glue be 
| left to harden in the position to which the stuff is bent. 
| Another method is to glue up the stuff in thin thicknesses, in a 
| cawl or mould, made with two pieces of thick wood cut into the 
‘required sweep. This method, if done with care, that is, making 
the several pieces of a thickness throughout, of wood free from 
‘knots, is perhaps the best that can be devised for strength and 
'accaracy. It is also a practice sometimes to glue up a sweep in 
three thicknesses, making the middle piece the contrary way of the 
grain to the outside and inside pieces, which run lengthwise. This 
method, thoigh frequently used for expedition, is much inferior to 
| | ; 
‘the above, a3 the different pieces cannot shrink together, and con- 
sequeitiy the joint between them is apt to give way. 
| A solid pieze, if uot too thick, may be sometimes bent into the 
‘form required. Ifa piece of timber be well soaked upon the 
intended outside of the curve, it may be bent into position, and if 
kept in that position till cold will retain the curvature that is sven 
to it. 
The only other method of forming a curve, necessary for us ‘I 
Meation. is that of cutting out solid pieces to the required sweep, | 
-and gluing them upoa one another till they have the thickness 
i required, taking care that the joints are alternately in the centre of 
'each piese below it, something in the manner of courses of bricks 
‘one above the other. In this case, it will be necessary, if the work 
be not painted. to veneer the whole with a thin piece, after it has 
| been thoroughly dried and planed level, and then made somewhat 
{rough with either a rasp or toothing-plane. But the joiner must 
adopt one plan or another, according to circumstances. 


Seribing. 
| Seribing is the operation by which a piece of wood-work is made 
‘to fit against an Irregular surface. Thus, for instance, the plinth 
of a roum is made to meet or correspond with the unevenness of 
the floor. To deter nine the portion which is to be cut off from a 
partition, or any wood-work where a floor or ceiling is irregular, it; 
is only necessary to opea the compasses to a width equal to mie) 
greatest distai:e between the plinth and the floor; and, passing| 
one leg over the uneven surface, the other leg will lenve a mark on 
the plinth. If the wood be cut away on that line, a surface will be 
obtataed which will make a good joint with the floor or ceiling. ; 
But the chief use of the art of scribing is to enable the joiner so to 
connect the moulding of panels or cornices, that when placed 
together, they shall seem to form a regular mitrejoint. This 
method has certainly one advantage over the common method of 
| mitring, for, if the stuff should shrink, little or no alteration will be 
| made in the appearance, but, under the same circumstances, a mitre 
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would open, and the joint would be shown.’ The ‘method’ adopted 
is this: To cut one piece of the moulding to the required mitre, 
and then, instead of cutting the other to correspond with it, cut 
away the parts of the first piece to the edge of the first moulding. 
which will then fit to the other moulding, and appear as a regular 
mitre. 

Finishing of Joiners’ Work. | 


Joiners’ work is generally intended to inerease the beauty of a 
building. When a joiner works in wainscot, oak, or mahogany, 
his chief object must be to obtain a surface perfectly smooth and 
even. When the framing is glued together, the glue which oozes 
out, and may be spilt upon the work, must be allowed to remain a 
few minutes and chill, and may then be carefully scraped off with 
a chisel; and the parts which cannot be thus cleaned may be 


| 


‘washed with a sponge dipped in hot water and squeezed nearly 


dry. This not out saves trouble in operations which follow, but 
prevents staining, always produced when glue is suffered to remain 
till quite hard, particularly on wainscot, which tarns black in 
every joint or place where the glue is suffered to remain. After 
this operation, which, though it may appear tedious to some work- 
men, will be found a saving of time, the work should remain. till 
erfectly dry; and, when the joints and other parts have been 
evelled with a smoothing plane, the whole surface may be passed 
under a smooth scraper, and finished with fine glass-paper. It will 
be sometimes necessary, when the grain is particularly cross, to 
damp the entire surface with a sponge “to raise the grain,” and 
then again to apply the glass-paper. The work will then be ready 
for polishing with wax, or varnishing, and the good appearance of 
the work will be in proportion to the time and trouble expended in 
the process. 

In cleaning pine, the same precautions must be taken for the 
removal of glue left upon the joints, or spilt upon the work, as 
already described. This being done, the work may be cleaned off 
with a piece of glass-paper that has been rubbed with chalk, or, in 
some cases, with a piece of hearthstone. The work is then ready 
for the painter; but as there are knots and other places where the 
turpentine contained in the wood is apt to ooze out, either with or 
without the increase of heat, and thus spoil the appearance of the 
finishing, those parts are done over with a composition, and the 
process is called priming. This is properly the painter's business; 
but it must sometimes be done by the joiner, for the sake of saving 
his work. The composition used for this purpose is made with red 
lead, size, and turpentine, to which is sometimes added a small 
quantity of linseed oil. Priming has also the advantage of pre- 
venting the knots from being seen through the paint. Some work- 
men omit in this composition the oil and the turpentine, but the, 
size of itself is apt to peel off, and does not thoroughly unite itself: 


with the wood. 
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Another method of cleaning-off pine is sometimes adopted. Wher 
fhe surface has been made quite smooth with the plane, it is rubbe 
with 4 piece of chalk, and the whole is cleaned with a piece of fin 


j pumice-stone, as in the former pnocess it was done with glass 


paper; but if the grain-should be still nough, the work may %« 
damped with a sponge, and the operation repeated when dry. 

Ag, in finishing interior work, it is ar itaSromioons! te imitate th« 
graining of different kinds of wood, it is necessary the joiners 
Sark shoal te well finished; for if a good even surface be aot 


| provided, it will be impossible for the painter to produce the effect 


| known by this term. 


he desires. Every defect in the ground will, in fact, he more 
visible under a delicate graining than when the surface is covened 
with successive coats of color; but, even in the latter case, work 
well prepared will not only look better, but the color will not be 


so apt to chip and peel off as when the surface is not properly 
levelled. 


TERMS DOSED IN BUILDING. 


A bacus.—The upper member of the capital of a column, that on 
which the .architrave rests, It has different forms in the several 
orders: In the Tuscan or Doric, it isa square tablet; m the Lonic, 
its edges are moulded; in the Corinthian, its sides are woncave, and 
frequently enriched with carving. 

A britinent.— That part ofa pier from which the arch springs. 

Acanthus—A plant whose leaves are carved on the Corinthian 
and Composite capital. They are differently disposed, according 
te circumstances; and the leaves of the laurel and parsley are 
sometimes employed in their place. 

Acreterium—A. pedestal on the angh-or apex of a pediment, 
intended as a base for sculpture. 

Altitude —The ae! sorateore height of anything in the direction 
of the plumb line. length of a body is measured on the body 
itself, and nemains constant, its altitude varies according to its 
inclination to or from the perpendicular. 

Alte Believo—A sculpture, the figures of which project from the 
surface on which they are carved. 

Amphiprostylos —An order of Grecian temples, having cohumns 
in the back as well as the frent. , 

Amphitheatre—A dondle theatre, employed by the aneients fas 
public amusements. ‘The colosseum at Rome, built by Vespasian, 
13 one Of these. 

Annulet.—A small square moulding, nsed to separate others; 
the fillet which separates the flutings of a column is someting 
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Ante —Pilasters attached to a wall, receiving an entablature, 
und having bases and capitale differing according to the order 
pnployed, but always unlike those of the eolamna 

Antepagmenta.—A term in ancient architeeture, the architraves 
oer of a col hich th 

A —That part of a column which eonneets the upper fillet 
ae ae AlGhe pide che af tke capa ean the ican: 
part of the shaft. 

Araostyloe —That style of building in which the cofamns are 
listant from one another from four to five. diameters. Strictly 
weulsing, the term should be limited to an intercolmnaistion of 
fuur diameters, which is only saited to the Tuscan order. 

Arch —3iwh an arrangement, in a concave form, of balirie 


materials 43 enables them, suppocted by piers or abutments, to 
zarry weights and resist strains. 

Arvh-buttress.—Sometimes ealled @ flying buttress; an arch 
springing from a buttress or pier against a wall 

Architrave.—That. part. of the entablature which rests upen the! 
capital of a column, and is beneath the frieze. It is sepposed to} 
repesent the principal beam of a timber building, , 

Aree —This term is applied to superficies, whether of tinnber, | 
stoue, or other material, and is- the superficial measurement ; that} 
is, the length multiplied into the breadth The word area some- 
times. signifies. an open 

Arris —The line in which two surfaces meet each other. 

Ashler,—Common. freestone, as it comes from the quarry, gene- 
rally about. nine inches thick, but of different. superficial dimen 
sions. 

Ashtering.—Quartering, to which laths are nailed 

Astraqua.—aA small moulding with a semicircular profile, some- 
times. plain and sometimes ornamen 

A'tie Order.—A term used to denote the low pilasters which are 
placed over orders of columns or pilasters, and frequently employed 
in the decorations of an attic. 


K. 


Baluster.—A small pillar er pilaster, supporting @ rail. 

Balustrad:.—A series of balusters eonnected by a raul. 

Band—A square member. To distinguish the situation in which 
it is placed, or the order in which it is used, am adjective is fre- 
quently prefixed ; thns, a dentil or a medillion band. 

Buse.—The lower division of » column. The Grecian Doric has: 
no base, and the Tuscan has only @ single torus on a plinth. | 

Bead.—A circular moulding, which hes level with the surfface o 
the material in which it is formed. When the moulding projects, 
or sev--ral are joined, it is called reeding. 

Beak.—A. small fillet in the under edge ef a projecting prnice, 
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intended te prevent the rain fron pasding between the cornice and 
fascia. 

| Beam.—A piece of tamber in a building laid horizontelly, and 
intended to support a weight, or to resist a strain. 

! Beamflling—The masonry, or brickwork, between beams or 
joists. 

r Bearer—A vertical support. | 

Bearing.—The length between bearers, or walls; thus, if a bean 
Teste on walls twenty feet apart, the bearing is said to be twenty 
| feet. 
in Bed Mouldingse—Those noouldings between the corona and the. 

ier. 

Bevtl—An instrument sed by workmen for taking angles. In. 
form it mesembles a square, but the blade is moveable about a 
centre. When the two sides of any solid body have euch an insli-' 
nation to each other as to form an angle greater or less than a. 
right angle, the body is said te be beviled. 

Bond.—A teria used to signify the connection between the pasta 
of a piece of workmanship. In bricklay: ing and masonry, it is that: 
oonneetion between bricks, or piaces of stene, which prevents one! 

of the buildiug from separating itself from another. 

Bond Timber.—Tisaber laid in walle to tie or bind them tegether. ' 

Brace—A piece of timber placed in aa inelined position, and 
used in. partitions or reefs, to strengthen the framing. When a 
brace is employed to suppoit a nafter, it is ealled a strut. 

Bressuanmer.-~ A iheam, or iron tie, intended to carry an external 
sages and iteclf supported by piers or poste. 

eaiapen ric ick work between quartering. 

praia mace of stone or brick-work intended to support a: 
wall, or te assist it in sustaining the strain that may bé upen it.’ 
Buttocsses in Gothie arehitecture are used for ornament a5 well as 


| 

| 
c i 
Cabling.—Ovylindrieal pieces filling up the lower part of fhe fintes 
| of a cokamn 
Camber.—Te give a convexity to the u iy ees surface of a beam. 
Oankolivers.— Pieces of wood er atone beneath the eaves to ap 
| peut thein, or mouldings above them. — 

Capital.— That part of a column or pilaster beneath the ente-’ 
blature; or, in other words, the uppermost member of a columa or: 
: pilaster. The <apital is varieusly formed, according to the order: 
Tawa, we have the Tuscan, Doric, Tonic, Corinthian, aad Composite: 
| capitala, and many others, that have been invented since the times: 

of the Greeks an:] Fuomana.. 
Caryalades.—Figures of waonaea, intreduced te support an enta- 


| blature, instead of columns. ) 
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Casement.—Applied to a windaw which is hung upon hinges al 


place of Jines and weights. 
Casteng.—The warping or shrinking of timber or wood-work, 
occasioned by an insufficient strength, or by an unequal exposure 
ta the weather, and want of proper seasoning, 
Cavetto —A concave moulding, the quadrant of a circle. 
Centering.—The framing upen which an erch is turned. 
Clampiny.— When ane pie of wood is so fixed into the end of: 
another as ta prevent it from splitting or casting, it is said to be’ 
clamped. The pieces may be united with a mertice and tenon, or’ 
with a groove and tongue. 
Collar Beam.—A beam framed between two principal rafters [ 
Consnle—An ornament cut on the key-stone of an arch, sorme-' 
ne in the form of a scroll, at other times to represent & human 
ace. ; 
Content.—-The amount of any substance in rods, yards, feet, or' 
inches whether solid or superficial. 
Caping.—The stone which covers the top of # wall or parapet. 
Corbel—A bracket, or piece of timber projecting from s wall: in. 
Gothic architecture, canaliy carved with some grotesque figure. 
Carnice.-- The combination of mouldings which finishes or crowns 
an entablature-—The term is also applied to the mouldings which’ 
fiuish the walls and eeiling of a room, hall, or passage, ffllmg up 
the angle which they make. 
Crown.—A term applied to the uppermost, er highest part of an 
arch, that in which i keystone is fixed. 
Cyma.—A moulding with a waxed or ereoked profile, pee 
convex, partly concave. It is ealled by workmen an egea hen’ 
the hollow part of the moulding is uppermost, it is ealled x cyma- 
recta; when the convex part is abave, a cyma-reversa. ; 


dD 


Dado—That flat part of the base of a column between the plinth 
and the carnice, It is of a cubical form, and from thence takes its 
name l 
Dentile—Square bloeks introduced as ornaments inte corniece of 
the Doric, Ionic, ang Coriathian erders. A small eireutar piece is, 
somnetiines cut ont, and at other times they are fluted. 

Die—A square cube. 

Door Frume.—The case in whieh a door opens. and shuts, eensist- 
ing of two uprights and one horizontal piece, eonnected together, 
by mortiees and tenons j 

Donner —4& window made in the sloping part ef a roof, or above. 
the entablature. i 

Dovetailed —When, two pieces of weod are fastened together, by: 
letting the pieces ef one Into apertures formed in the other, of # 


Se 
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shape somewhat resembling a fan or dovetail, they are said to x 
dovetailed. 

Drops—Ornaments in the Doric entablature resembling bell: 
placed immediately under the triglyphs. 

Dwarf Wali.—A wall that has a tess height than that of th« 
story in which it is used. 


E. 


Eaves.—The edge of a roof or slating which overhangs a wall, 
and is designed to earry off the water, without flowing down the 
wall 

Echinus.—A moulding, the profile of which is the quadrant of 
circle turned outwards, or in some instances a conic section. It is 
said to resemble the shell of the chestnut. 

Ellipse.—That curve called by workmen an oval. 

Entablature.—That assemblage of mouldings, &ec., which are sup- 
ported by the column. It consists of three parta—the architrave, 
frieze, and cornice. 

Entasis. —The swelling of a column. 

Hustylos—That intercolumniation in which the columns are 
placed two diameters and a quarter from each other. 

Eye.—A term sometimes used in architecture to denote a small 
window in a pediment. The middle of the Ionic volute, that is, 
the circle within which the different centres for drawing it are 
fouzd, is known by the same name. 


K 


Facade.—The face or front of a building; strictly speaking, the 
principal front. . 

Fascta.—A flat broad member, in architecture, but of small pro- 
jection. It is used to denote the flat members into which the 
architrave is divided, and these are called fascis. 

Feather-edged.—Boards or planks thicker at one edge than the 
other. 

Fillet.—A emall square moulding, of slight projection. In car- 
pentry, it means a piece of wood to which boards unre nailed. 

Flashings,—Pieces of lead so let into the wall as to lap over a 

utter. 

' Flatting.—Painting, which has no gloss on its surface, being 

worked with turpentine. It is used for finishing. 
| Flutes.—V ertical channels cut in the shafts of columns and pilas- 
, ters, sometimes meeting one another at a sharp edge, and at other 
. times having a fillet between them. . | 

Filyers.—Stairs which rise without winding. 
Flwe.—The. aperture of a chimney. 

| Foolings.—The courses of brick or stone at the foundation of a 

wall. 


Frieze.—The flat member in sn entablature, seperating the arcki- 
trave from the eornice. 

Furring.—A means of restoring an. irregular framing by the 
addition of small pieces of wood nailed to the framing itsel£ 

Fust.—The shaft of a column. 


G. 


“< 


ere —The upright triangular end of s building at the ends of a 


ee largest piece of timber in .« floor, that inte whick 
the joists are framed. . 
Groin.—The intersection of two arches. . 
Groove.—~A rectangular channel eut’ in ‘stone or tintber; such as 
that which is eat in the atiles to reeeive the panel of a door. 
Grounds,—Those pieces of wood imbedded 3 im the plastering © 
walls to whiek shirtimeg | and other joiners’ finishings are attached. 
Gutice.—See “Drope.” 
Gutter.—A valley between the parts of s roof, or between the) 
roof and parapet, intended to earry off the rain. 


H. 


Half Round—A moulding in « semicircular form, projecting fronr| 
the surface. 

Headers.—Brieks laid with their short face im front. 

Hipx—Those pieces of timber placed ix an inclined masa at 
the corners or angles of a Toof . 


8 . 
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Impost.—The eombination of mouldings which form the eapital 
of a pier. , 

Insulated—A term applied to s eolumn which is uneonnected 
with a wall, or to a building, that stands detached from others. 

Intercolumniation.—The space between twe columns 

Intertie.—Small pieces of timber placed horizontally. between, 
and framed into, vertica? pieces to tie them together. 


J. 


Jambs —The side pieces of an opening in a wall, such as door- 
posts, and the uprights at the side of window frames 

Joggle-piece.—A post to receive struts. 

Joists,—Those gine of timber which are framed into a girder, 
bressummer. or otherwise, to support a ceiling or a floor. 
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Key-stone.—That stone in the top or crown of an arch which is 
| in a perpendicular line with the centre. 
| Késg-post.—The centre post of a trussed framing, intended to 
support the tie-beam and struts. 

nee.—A piece of amber bent to receive some weight, or to 
relieve a strain. 


t 
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Leantern.—A frame in the dome or cupola of a building to give 
light. The term is applied to some kinds of fanlighte, that is, the 
frame over a door to light a gees or corridor. 

Lining.—That joiners’ work which covers an interior gurface. 

Lantele.—The pieces of timber which lie horizontally over the 
jambs of windows and doors, 


M. 


Hantel.—The cross-piece which rests on the jamb of a chimney. 
Metopa.—The interval between the triglyphs in the Doric order. 
Minute.—The sixtieth part of the diameter of a columa. 
Modillion.—An ornament in the Jonic, Corinthian, and Composite 
‘orders. It is a sort of bracket, and should be placed under the 
' corona. 

Module—The semi-diameter of a column, and is divided into 
thirty minutes. It ie the, measure by which the architect deter- 
, mines the proportions between the parts of an order. 
|  Mortise—A method of joining two pieces of wood; a hole being 

made in one of such a size as to receive the tenon or projecting 
: piece formed on the other. 

Mosatc.—A term applied to pavements, and other work, when 
formed of various materials of different shapes and colors, laid in a 
kind of atucco, so as to present some pattern or device. The 
ancients were very successful in the execution of Mosaic, and many 
fine specimens remain to this day. 

Mullion —Upright posts or bars which divide the lights in a 
Gothic window. 


= 
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Naked.—This term is applied, in architecture, to a plain surface, 
or that which is unfinished; as the naked walls, the naked flooring 
—that is, uncovered. The word is sometimes applied to flat sur- 
faces before the mouldings and other ornaments have been fixed. 

Newtl_—The centre round which the staire wind in a circular 
staircase. 


{ 
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Nosings.—The rounded and pfojecting edges of the treads 
stairs. 


O. 


Obelisk.—A slender pyramid. 

Ogee.—A moulding, consisting of a portion of twe-cireles turned 
in contrary directions, so that It is partly concave and partly con- 
vex, and somewhat resembles the letter S. 

Order.—An assemblage of parte having certain proportions to 
one another. There are five orders of architecture—Tuscan, Doric, 
Ionic, Corinthian, and Composite—all of which -were invented by 
the ancients, and are now employed by the moderns . - 

Oval.—A curve line, the two diameters of which are ef unequal 
length, and is allied in form to the ellipse. An ollipee ie that figure 
which is produced by cutting a eone or cylinder in » direction 
oblique to its axis, and passing through its sides. An oval may be 
formed by joining different segments of circles, so that their meet- 
ing shall not be perceived, but form a continuous curve line. All 
ellipses are ovals, but all ovals are not ellipses; for the term oval 
may be applied to all -shaped figures, those which are broader 
at one aid than the other, as well as to those whose ends are 
equally curved. 

Ovolo.—A convex projecting moulding whose profile is the qua- 
drant of a circle. 


P 


Panel.—A comperenient inclosed in a frame, into which it is 
framed or grooved. 

Parapet.—A low wall generally about breast-high, on the top of 
bridges or buildings. 

Pargetting.—Rough plastering, commonly adopted for the inte- 
rior surface of chimneys 

Pedestal_—That arrangement on which colunms are sometimes 

laced: it is divided into three parts—the cornice, the die, and the 


ase. 

Pediment.—A low triangular crowning ornament in the front 
a building, and over doors and windows. Pediments are sometimes 
made in the form of a segment of a circle. 

Pier.—A square, or other formed mass, used to strengthen or 
support a building; it sometimes signifies that mass of stone or 
brickwork between the arches of a bridge, and from which they 
spring, or inst which they abut. But the term is usually 
employed to designate the solid part between the doors or windows 
of a building. 

Pilaster.—A equare pillar insulated, or engaged to the wall, and 
is usually enriched with a capital and base. 

Piles.—Large timbers, usually shod with pointed iron caps, 
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driven inte the ground for the purpose of making a secure foun- 
dation. 

- Pellar.—An irregular, insulated column. It differs from a column 
in having no architectural proportion, being either too massive or 
t00 slender 

Pinnacke.—A small spire used to-ornament Gothie buildings. 

Pitch of a Roof.—The proportion obtained by dividing the span 
by the height; thus we speak of its being one half, one third, one 
fourth. 

Plinth. —The solid support of a column or pedestal. : 

Plaumb-line.—An instrument to determine perpendiculars; it con- 
sists of a piece of lead attached to a string. | 

Porch.—The vestibule or entrance to a building. 

Portico.—A_ kind of gallery or piazza, frequently erected in front 
of large buildings. : 

Postse.—Square timbers set on end ; the term is especially applied 
to those which support the corners of a building, and are then 
framed into the bressummer or cross-beam, under the walls. 

Pricking-up.—The firet coat of plaster worked upon laths. 

Prefilc.—The outline; the coatour of a part, or the parts com- 
passing an order. 

Pugging.—The stuff laid upon sound boarding to prevent the 
passage of sound from one story to another. ; 

Punchtous.—Short pieces of timber employed to support a weight 
when the bearing is too distant. 

Purlines.—Those pieces of timber which lie across the rafters to 
prevent them from sinking. 

Saag HE aa of timber used in building a scaffold; they are 
those which lie at right angles to the lina of wall, and reat on the 
scaffold poles or ledgera 

Pyramid.—A sohd: massive edifice which rises from # square or 
i rectangular base, and terminates in a point called the vertex. 

° q 

Quarter Rownd.—See “ Ovolo.” 

Quarters. —Pieces of timber used in an upright position for par- 
titions. Quarters may be either aingle or double; the single are, 
geuerally two inches thick, and four inehes bruad; the double are. 
four inches square. The quarters are never plaved at a greater 
distanee than fourteen inches from each other. 

Quirk.—A piece of ground taken out'of a plot. The term is also 
applied to a particular form of moulding, one which has a sudden 
convexity. | 

Quoine.—The corners of a building; they are called rustie quoins: 
a they project from the wall, and have their edges chamfered, 
o 
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Rabbet oy Rebate—A groove er channel in the edge of a board. : 
Rafters, —-Those timbers which form the inclined sides of a roof. | 
Raking.—Means literally inclining, and is applied to those mould: 
ings which, instead of maintaining the borizeutal line, are suddenly 
bent out of their course. 
 Rails—Those pieces in framing which lie in a horizental position’ 
are called rails; these which are perpendicular are called stiles; 
hence two rails.and two stiles inclose a panel. The term is. also: 
_appled to those pieces in fences or paling which go. from post to, 


Peleg —The projection which s figure bas from the ground en 
‘ which it is carved. | 

Return —That part of any work which falls away from the line! 
‘in front. 
|  Ridge.—The highest part of a roof, or the timber against which 
the rafters pitch. 
| Riser —That beard in stairs set on edge under the tread or step| 
_ of the stair. 
| Kustie—This term is applied to those courses af stone-work, the 
face af which is jagged or pecked so as to present @ rough surface. 
That work also is called rustic in which horizontal and verticak 
: channels are cut in the joinings of the stones, so that. when placed, 
together an angular channel is formed at each joint. ‘ 


Ss. 
Sash.—The framewerk which helds the squares ef giacs in a 


window. 
¢—The frame which receives the sash. 

Scantling —The. measure to. which a material is te be er has been 
cut. 

Seotta.—A semicircular eoneave moulding, chiefly used bet treen 
the tori in the base of a column. ) 

Scribing. —Fitting wood-work te an regular surface 

Scrotl.—A earved eurvilinear ornament, somewhat resembling ia 
profile the turnings of a raxa’s horn. ; 

Sell.—The horizontal piece of timber at the bettom ef framing ;' 
the term is chiefly applied to those pieces of timber or stone at the 
bottom of doors or windows, 

17 ies body of a column; that part, between the base and 
capital. ; 

Shove.—A. pieee of timber placed in an oblique direction to sup-: 
port a building or wall. 

Skistiag.—The narrow boards placed round an spartment againat’ 
the walls, and standing vertically on the floor. : 

Sleepews.— Pieces of timber placed on the ground te sepport the. 
ground-joista, or other woodwork. 
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Sofit.—A term applied te a frame or paneling overhead, or to a 
lining, such as that which is fixed in the underside of the tops of 
windows. os 

Stiles:—The upright pieces.in framing er peer 

Struts.—Pieces:of timber which support the rafters. 

Summer.—A large piece of timber supported by piers -or posts ; 
when it supports. a wall, it is called a breast-summer, or bres- 
summer. 

T. 

Tenon.—A piece of wood so formed as to be received into a hole 
in another piece called a mortice. 

Throat.—That hollow which terminates the upper end of the 
shaft of a column. 

Tonque.—That oh beara: piece at the end of a board which is 
formed to be inserted into 8 groove. 

Torus.—A moulding, that has a convex semicircular or semi- 
elliptical profile. 

Transom —A piece that is framed across a double window-light. 

Trellis.—An open framing, pieces crossing each other so as to form 
diamond or lozenge-shaped openings. 

Tryglyphs.—Ornaments in the Dorie frieze consisting of a square 
rofection with two angular channela, the edges of each forming 
alfa channel. They are placed immediately over the centre of a 

column; their width is generally one module. 

Trimmers.—Pieces of timber framed at right angles to the joist 
for chimneys, and the well-holes of stairs. 

Tympanum.—The space imelosed by the inclined and horizontal 
sides of a pediment. 


Vv. @ 


Valley —-The space between two inclined sides of a roof. 
Vaulis.—Underground buildings with arched ceilings, whether 
eircular or elliptical. 
Vertex.—The top or summit of a pointed body, as of a cone. 
Volute.—The scroll in the capital of the Ionic order. 
|  Voussoirs—The stones which compose the face of an arch, 
having a somewhat wedge-shaped form. 


W. 


Wall-plates—The timbers built up with a wall, to carry the 
joists. 

Weather-boarding.—Weather-edge bonrds, fixed vertically, so as 
to lap over one another. 

Well-hole—The aperture left in floors to bring up the stairs. 


GLUES. 
Parchinent Glose. 
Parchment shavings 1 pound; water 6 quarta. Boil until dis 


' solved, then strain and evaporate slowly to the proper consistenee. 
| Use a water bath if you want it very light evlored. _. 


a Japanese Cement, or Rice Glue. 

' Riee flour; water, sufficient quantity. Mix together eold, then 
bring the mixture to a boil, stirring it all the time Observe to 
' boil it in a vessel that. will not color it 

| Japanners’ Gold Size. 

Gum ammoniac | pound; boiled oil 8 ounces; spirits of turpen- 
tine 12 ounces. Melt the gum, then add the oil, and lastly the 
spirits of turpentine. 

Gold Size. : 

Yellow ochre I part; copal varnish 2 parts; Imseed oil 3 parts;, 
turpentine 4 parts; boiled oil 5 parts Mix The ochre must be in} 
the state of the finest powder, and ground with a little of the oil, 
before mixing, 

Glue Inquid. 

Glue, water, vinegar, each 2 parts. Dissolve in a water-bath, 

then add alcohol 1 part. An excellent cement. 
Transparent Liquid Japan for Metal. 
Copal varnish 35 parts; camphor ! part; boiled oil 2 parts. Mix; 


Portable Glue for Draughtemen, de. 


Glue 5 parts; sugar 2 parts; water 8 parts. Melt in a water 
bath, and cast itgn moulds. For use, dissolve in warm water. | 
Waterproof Glee. | 
1. Glue 1 part; skimmed milk 8 parts. Melt and evaporate in a! 
water-bath to the consistence of strong glue. 
2. Glue 12 parts; water sufficient to dissolve. Then add yellow, 
resin 8 parts, and when melted add turpentine 4 parta Mix; 
thoroughly together. This should be done in a water-bath. 


4 


| 
PAPERS. | 
Fire-proof Paper. 
Take a solution of alum and dip the paper into it, then throw it 
over a line to dry. This is suitable to all sorts of paper, whether 
plain or colored, as well as textile fabrics, You must try a slip of: 
the peper in the flame of a candle, and if not sufficiently prepared, 
dip and try it a second time. 
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Black Hdge Paper. 
Blacklead 11 parts; common ink 22 parts; dissolved gum-arabic 
1 part. Mix. Then with a sponge lay the color on the edge of the 
paper, previously placed in the cutting-press, rub it in with a piece 
of cloth, and burnish. The edge of the paper must be rendered 
perfectly smooth before applying the black. 


To Stain Paper or Parchment. 

Red.—Brazil 12 parts; water 70 parts; alum 5 parts. Boil. 

1. Blue.—Sulphate of indigo. Water to dilute. 

2. Prussian blue 2 parts; muriatic acid 1 part. Water to dilute. 

3. Logwood 4 parts; water 30 parts; sulphate of copper 1 part. 
Mix. 

. Green.—Crystals of verdigris 2 parts; vinegar 1 part. Water to 
ilute. ; 

Yellow.—French berries, water, and a little alum. Boil. 

Purple.—Logwood 2 parts; alum 1 part; water 20 parts. Boil. 
The addition of a little.gum to the above renders them suitable for 
coloring maps, dc. 

Paper for Draughtsmen, é&e. 

Powdered tragacanth 1 part; water 10 parts. Dissolve and 
strain through clean gauze, then lay it smoothly with a painter's 
brush on the paper, previously stretched on a board. This paper 
will take either oil or water colors. 


Copying Paper. 

Lay open your quire of paper (clean white, of large size), take 
the brush ae cover it with the following varnish, then hang it up 
on the line; take another sheet and repeat the operation, until you 
have finished your quantity. If not clear enough, give each sheet 
another coat when dry :—Canada balsam, turpentine, equal parts. 
Mix. 

Liquid Gold, for Vellum, cc. 

Take gold-leaf and grind it with gum-water; then add a small 

quantity of bichloride of mercury, and bottle for use. 


Liquid Silver, for Vellum, de. 
Take silver-leaf and grind it, with gum-water or glair of egg. 


Paper that Resists Moisture. 

Take unsized paper, lay it flat on a clean surface, and brush it 
over with a solution of mastic in. oil of turpentine; or plunge it 
into the solution and hang it up to dry. This paper possesses all 
the usual qualities of writing paper, with the advantage of resisting 
moisture, 
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To Detect the presence of Plaster in Paper. | 
Calcine the paper in a close vessel, and dilute the residue with 
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vinegar, in a silver spoon; if sulphuretted hydrogen is Pee 
which blackens the spoon, the presence of a sulphate (plaster) will 
be shown. This adulteration has ay become very common 
‘ among the paper-makers, with the view of increasing the weight. 
| Waxed Paper. — 
Take cartridge or other paper, place it on a hot iron and rub it 
with beeswax, or make a solution of the wax in turpentine, and 


apply it with a brush. Useful for making water or air-proof pipes, 
for chemical experiments, d&c. 


To extract Grease Spots from Paper. 


Apply a little powdered pipe-clay, on which place a sheet of 
paper, then use a hot iron. Remove the adhering powder with a 
piece of India-rubber. 


Papier Maché. 
Take paper, any quantity. Boil it well, then come it to a paste, | 
and mould. Used in making toys, snuff-boxes, dc. 


To Gild the Edges of Paper. 


Armenian bole 4 parts; sugar-candy 1 gore White of egg to 
mix. Apply this composition to the edge of the leaves, previously 
firmly screwed in the cutting-press; when nearly dry smooth the 
surface with the burnisher; then take a damp sponge and pass; 
over it, and with a piece of cotton-wool take the leaf from the 
cushion and apply it to the work; when quite dry burnish, 
observing to place a piece of silver or India paper between the 
gold and the agate. 


Tracing Paper. 
Nut oil 4 parts; turpentine 6 parts. Mix, and apply it to the 


paper, then rub it dry with wheat flour, and brush it over with ox- 
gall. This will bear writing on. 


Lithographie Paper. 
Give the paper 3 coats of thin size, 1 of starch, and 1 of solution 
of gamboge. Each to be applied with a sponge, and allowed to: 
dry before the next 1s applied. 


! 


Hydrographic Paper. 

This name has been given to paper which may be written on 
with water. It may be made by rubbing paper over with a mix- 
ture of finely powdered galls and sulphate of iron heated till it, 
becomes white. The powder may be pressed into the paper by 
passing it between rollers, or passing a heavy iron over it. A mix-, 
ture of dried sulphate of iron and ferro-prussiate of potash may be 
used for blue writing. Or the paper may be imbued with a stron 
solution of one ingredient thoroughly dried, and the other ap lied 
in powder. Paper which has been wet with a solution of ferto- 
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prussiate of potash also serves for writing on with a colorless solu- 
tion of persulphate of iron. 


Iridescent Paper. 
Nut-galls 8 parts; sulphate of iron 5; sal-ammoniac 1; sulphate 


of indigo 1; gum-arabic 4. To be boiled in water, and the paper | 
washed with it exposed to ammonia. 


To give Paper the Appearance and Toughness of Parchment. 
Dip white unsized paper for half a minute in strong sulphuria 
acid, and afterwards in water containing a little ammonia. When 
dried it will look like, and be as strong as parchment, 


Photographie Papers. 
The following papers should be the finest satin post, of uniform 
texture, free from the maker's mark, specks, and all imperfections. 


The papers must be prepared by candle-light, and kept in the dark 
till used. : | 


1. Simple Nitrated Paper.—This is merely paper brushed over 
with a strong solution of nitrate of silver. 1n brushing over the 
paper it must be crossed. Its sensitiveness is incraased by using 
spirit of wine instead of water. This paper only requires washing 
in water to fix the drawing. 


j 


2. Muriated Paper.—The paper is first soaked in solution of 
copper salt, pressed with a linen cloth or blotting paper, and dried. 
It is then brushed over on one side (which should be marked near 
the edge) with the solution of nitrate of silver, and dried at the 
fire. The stronger the solution the more sensitive the paper. If 
dipped in a solution consisting of 85 grains of chloride of barium 
and 2 oz. of distilled water, richer shades of color are obtained. 


3. Lodized Paper.—-Brush over the paper on one side (which 
should be marked) with strong solution of nitrate of silver (100 gr. 
to 1 oz); then dip it in a solution consisting of 100 gr. of iodide of 
potassium dissolved in 4 oz of distilled water. Wash it in dis- 
tilled water, drain, and dry it. 


4, Bromide Paper.—Soak the paper in a solution composed of 
40 gr. bromide of potassium dissolved in 1 oz. of distilled water ; 
then brush it over with a strong solution of nitrate of silver, and 
dry in the dark. 


5. Calotype Paper.—Dissolve 100 gr. of crystallized nitrate of 
silver in 2 oz of distilled water, and add 2 fluid dr. and 40 minims 
of acetic acid. Mix these at the time of using with an equal mea- 
sure of cold saturated recently prepared solution of gallic acid. 
Brush iodized paper with this solution, and mark the sides in half 
a minute dip it into water, and press it between blotting paper. It 
is then ready for the camera, where it remains from half a minute 
to 5 minutes. When removed from the camera dip it into water, 
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press it between bletting paper, and wash it with a solution of 100 
gr. of bromide of potassium in 8 or 10 oz. of water. 


6. Chromotype Paper.—Soak the paper in a solution of bichro-: 
mate of this (in which solution a little sulphate of indigo is.some- ' 
times added to vary the color), and dry it at a brisk fire. To fix) 
the drawing careful immersion in warm water is all that is required | 
It is not sufficiently sensitive for the camera. 


7. Compound Chromotype Paper.—Dissolve 10 gr. of bichromate 
of potash, and 20 gr. of sulphate of copper, in an ounce of water. , 
Wash the paper in this solution, and dry it. After the paper has, 
been exposed to the sun, with the article to be copied superposed 
upon it, it is washed over in the dark with a solution of nitrate of, 
silver of moderate strength. A vivid picture makes its appearance, 
which is sufficiently fixed by washing in pure water. This is for, 
copying engravings, &e. Another method is to brush wniting 
paper over with a solution of 1 dr. of sulphate of copper in 1 oz. of 
water; and when dry with a strong, but not saturated, solution of, 
bichromate of potash. my 

8. Cyanotype Paper.—Brush the paper over with a solution of ! 
ammonio-citrate of iron. Expose the paper in the usual way, then: 
wash it over with a solution of ferro-cyanide of potassium. | 


9. Crysotype Paper.—Wash the paper with solution of ammonio-, 
citrate of iron, dry it, and afterwards brush it over with a solution 
of ferro-cyanide of potassium. Dry it in a dark room. The image 
is brought out by brushing: it over with s- neutral solution of gold 
or silver, | 

10. Catalisotype—Steep paper in water; with a drop or two of 
hydrochloric acid; Rie 4 the superfluous moisture with blotting 
paper; brush over with a mixture of:4 dr. syrup of iodide of iron,: 
24 dr. of water, and a drop or two of tincture of iodine. Dry with 
blotting paper, and brush over with a solution of 12 gr. of nitrate 
of silver to 1 oz. of distilled water. It is then ready for the camera. | 
The picture is fixed by washing in water, and afterwards in a solu- 
tion of 20 gr. of bromide to 1 oz. of potassium. | 


11. Paper for Positive Photographs.—Most of the preceding give 
negative pictures, the lights and shadows being reversed ; in the| 
_ following they are correct: Dissolve 40 gr, of muriate of ammouia, 

in 4 oz of water. Wash highly glazed paper in this solution, ,dry it, | 
and brush it over with the following solution: Dissolve 120 ge of, 
crystallized nitrate of silver in 14.0z. of distilled water; and add 


14 0z of alcohol; after it has stood a few hours filter it. Expose 
the paper thus washed to the sunshine, till it 1s darkened ; if mot- 
tled, wash ita second time, and expose it again. Before using the’ 
paper make up the following solution: Hydriodate of barytes 40 
ee water 1 oz; pure sulphate of iron 5 gr.. Mix, filter, add a 

rop or two of diluted sulphuric acid, and when settled decant the 
clear liquor for.use, Wash the paper over in this solution, expose 


Browzma. $i7 


it in the damp state, with the engraving or other object on it to the 
‘light, and fix the drawing by washing with water only. 


Photographs. 


To copy objects, lay them on a plate of clear glass, fixed in a 
frame; place the prepared paper over them; and fix a back, with a 
| cushion attached to it, so as to press the paper closely on the glass. 
| The glass is than exposed to the light, and the drawing afterwards 
fixed, as described above. For feathers, Jace-work, and other 
' objects which freely admit light through them, the nitrated -paper 
and less sensitive muriated papers may be used. For copying 
| engravings lvaves, and other botanical objects, or entomologica 
| gpecimens, the more sensitive muriated papers, or the bromide 
| paper, or other sensitive kinds, may be used. Engravings should 
i be wetted,-and placed with their face to the prepared side of the 
paper, and kept in close contact with it. Leaves should have their 
under surface next the glass. For the camera, the most sensiti.e 
samples of the muriated papers, made with not less than 100 gr. of 
nitrate of silver to the ounce, are selected. | The calotype is still 
more certain. ‘The papers intended for the camera require to be 
ivery carefully prepared. Glass is used instead of paper, after 
‘being coated with white of egg, or collodion, with which the com- 
pounds of silver are mixed, or over which they are brushed. 
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BRONZING. 
Bronzing Sculpture, Wood, cc. 

Bronze of a good quality acquires, by oxidation, a fine green tint, 
called patina antigua. Corinthian brase receives, in this way, 4 
beautiful clear green color, This appearance is imitated by an 
| artificial process, called bronzing. A solution of sal-ammoniac and 
_salt of sorrel in vinegar is used for branzing metals. Any numbe1 
_ of layers may be applied, and the shade becomes deeper in propor 
ition to the number applied. For bronzing sculptures of wood, 
| plaster figures. dv, a composition of yellow ochre, Prussian blue 
| and lamp-black, dissolved in glue-water, is employed. 


Bronte. 
1. Copper 88 parts; zinc 11 parts; tin 4 parts; lead 2 parte 
ix. 
2. Copper 14 parts; melt, and add sinc 6 parte; tin 4 parte 
Ancient Bronze. 
Copper 100 parts; lead and tin each 7 parts. Mix. 
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To give an Antique Appearance to Bronze Figures. 


Salt of sorrel 1 part; sal ammoniac 4 parts; white vinegar 224 
parts. Dissolve, and apply with a camel-hair pencil, just sufficient 
to damp the bronze, previously warmed. Repeat the operation if 
required. 


Keller's Bronze. 
Copper 91 parts; tin 2 parts; zine 6 parts; lead 1 part. Mix. 
Bronze Powder. 
Bichloride of mercury 1 part; borax and nitre each 8 parts; 
tutty 16 parts; verdigris 32 parts; oil to make into a paste. Melt. 
Beautiful Red Bronze Powder. 


Sulphate of copper 100 parts; carbonate of soda 60 parta. Apply 
heat until they unite into a mass, then cool, powder, and add 
copper filings 15 parts. Well mix, and keep them at a white heat 
for twenty minutes, then cool, powder, and wash and dry. 


Bronzing Fluid for Guns, éc. ° 
Nitric acid sp. gr. 1°2, nitrie ether, alcohof, muriate of iron, each 


1 part. Mix, then add sulphate of copper 2 parts; dissolved in 
water 10 parts. 


ENAMELS. 
White Enamel. 


Tin 2 parts; lead 1 part. Calcine, then take of the above oxides 
1 part; crystal 2 | ea manganese a small portion. Grind well 
together, fuse, and pour the mass into cold water; dry, grind again 
to powder, and fuse; repeat the process four or five times, observ- 
ing great care to prevent any contamination from smoke, or iron, 
or copper. 


Another. 
Arsenic 14 parts; potash 25 parts; nitre 12 parts; glass 13 
parts; flint 5 parts; litharge 3 parts. 
Blue Enamel. 


Fine paste (not metallic) 10 parts; nitre 8 parts. Oxide of 
cobalt to color. 


Green Enamel, 


Frit 1 pound; oxide of eqpper } ounce; red oxide of iron 12 
grains. 


— 
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Fluxes of Enamel Colors. 


1. Flint powder 1 part; calcined borax 1 part; flint glass é 
parts; red lead 4 parts. Keep them in a state of fusion, in 
Hessian crucible, for three hours; then pour into cold water, dry. 
and powder. 

2. Glass powder 11 parts; white arsenic.1 part; nitre 1 part 
Mix. 


Yellow Enamel. 
White oxide of antimony 1 part; white lead 2 parts; alum anc 


sal-ammoniac each | part. Mix in fine powder, and apply just suf 
ficient heat to decompose the ammoniac. 


Black Enamel. 
Clay 2 parts; protoxide of iron 1 part. Mix, 
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MARBLE STAINING. 
To Stain Marble. 


It is necessary to heat the marble hot, but not sufficiently so ai 
to injure it, the proper heat being that at which the colors nearl) 


oil. 
Blue.—Alkaline indigo dye, or turnsole with alkali. 
Red.—Dragon’s blood in spirits of wine. 
Yellow.—Gamboge in spirits of wine. 
Gold Color.—Sal-ammoniac, sulphate of zine, and verdigris, equa 
arts. 
Green.—Sap green, in spirits, with potash. 
Brown.—Tincture of lozwood. 
Crimson.— Alkanet root in turpentine. 
The marble may be veined according to taste. To stain marbl 
well is a tedious and difficult operation. : 


To Stain White Marble. 


Apply with a brush a strong alcohol tincture, made from the roo 
alkanet. 


To Clean Marble, 
Chalk (in fine powder) 1 part; pumice 1 part; common soda 
parts. Mix. Wash the spots with this powder, mixed with a littl 


water; then clean the whole of the stone, and wash off with soa 
and water. 


To Extract Oil from Stone or Marble. 


Soft soap 1 part; Fuller’s earth 2 parts; potash 1 part; boilin 
water to mix. Lay it on the spots of grease, and let it remain for 
few hours. 


i) Compounp Cotrors ‘rv’ Bree. 


; : | ere, 
COMPOUND COLORS IN 'DYEING, 

Are produced by mixing together two simple ones; or, which is 
he same thing, by dyeing cloth first of the simple color, and then 
y another. These colors vary to infinity, ,according to the propor- 
tons of the ingredients employed. From blue, red, and yellow, 
ed-olives, and greenish-greys are made, 

From: blue, red,.and brown, olives -are made fram the lightest to 
he darkest shades; and by giving a greater shade of red, the 
lated and lavender-greys are made. __ 

From blue, red, and black, greys of all shades are made, such as 
age, pigeon, slate, and lead-greys. The king’s or prince’s color is 
luller than usual; this mixture produces. @ variety pf:hues or colors 
most to infinity. os 

From yellow, blue, and brown, are made the goose-dung and 
lives of all kinds. 

From brown, blue, and black, are produced brown-olives, and 
heir shades. | - ec 

From the red, yellow, and brown, are: derived the orange, gold 
solor, feuille-mort or faded leaf, dead carnations, cinnamon, fawn, 
and tobacco, by using two or three of the colors as required. 

From yellow, red, and black, browns of every shade are made. 

From blue and yellow, greens of all shades. 

From red and blue, ptirples of all kinds are formed. 

Dyers Spirit. 
Aquafortis 10 parts; sal-ammoniac 5 parts; tin:2 parte. Dissolve. 
Japan Grounds. 

Red.—Vermillion makes 4 fine scarlet, but its appearance in 
apanned work is much improved by glazing it with a thin coat of 
ake, or even rose pink . 

Yellow.—King’s yellow, turpeth mineral, and Dutch pink, ell form 
very bright yellows, and the latter is very cheap. Seed-lac varnish 
issimilates with yellow very well; and when they are required 
rery bright, an improvement may be effeeted by infusing tirmeric 
n the varnish which covers the ground. 

Green.—Distilled verdigris laid og a: ground of leaf gold pro- 
luces the brightest of all greens; other greens may be iauned by 
nixing King’s yellow and bright Prussian blue, or turpeth mineral 
wid Prussian blue, or Dutch pink and verdigris. 

Biue.—Prussian blue, or verditer glazed with Prussian blue or 
malt. 

White.—White grounds ére obtained with greater difficulty than 
wy other. One of the best is popes by Ape up flock-white, 
or zine-white, with one sixth of ita weight. of starch, and drying it; 
t is then tempered, like the other colors, using the mastie varnish 
or common uses; and that of the best copal for the finest. Par 
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ticular care should be taken that: the copal for this use be made of 
the clearest and whitest pieces. Seed-lac may: be used as the 
uppermost coat, where a very delicate white is not required, 
taking care to use such as is least colored. 

Black.—Ivory-black, or lamp-black; but if the lamp-black be 
used it should be previously calcined in a closed crucible. Black 
grounds may be formed on metal, by drying: linseed oil only, when 
mixed with a little lamp-black. The ‘work is then exposed in a 
stove, to a heat which will render the oil black. The heat should 
be low at first, and increased véry gradually, or it will blister. 
This kind of japan requires no polishing. It is extensively used for 
defending iron articles from rust. 
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POLISHES. 
To Polish Brase Inlaid Work. 


File the brass very clean-with a smooth file; then take some 
tripoli powdered very fine, and mix it with the linseed oi}. Dip in 
this a rubber of hat, with which polish the work until the desired 
effect is obtained, 

If the work is: ébony, or black resewood, take some elder-coal 
powdered very fine, and apply it dry after you have done with the 
tripoli, and it will produce a superior polish. 

he French mode of ornamenting with brass differs widely from 
ours, theirs being chiefly water-gilt (or molu), excepting the flutes: 
of eolumas, &c., which are polished very high with rotten stone, and 
finished with elder-coal. 


To Brass Plates of Copper. 

The plates previously sufficiently heated, expose them to the 
fumes of zine. ; 

To Clean Brass. 

L. Finely powdered sal-ammoniac; water to moisten. 

2. Roche alum 1 part; water 16 parts. Mix. The articles to be 
cleaned must be made warm, then rubbed with either of the above 
mixtures, and finished with fine tripoli. This process will give 
them the brilliancy of gold. ° | ae 

To Brass Vessels of Copper. 
1 1 part; amalgam of xino 1 part; muriatio acid 2 parts; 
water to fill the vessel. Boil. 


Method of Cleaning Brass Ornaments, 


Braes ornaments that have not been gilt or lacquered may be 
cleaned, and a very brilliant cobor: given to them, by washing them 
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with alum boiled in strong ley, in the proportion of an ounce to a 
pint, and afterwards rubbing them with strong tripoli. 


French Polish. 


Alevhul 260 parts; copal varnish 13 parts; sandarach (powdered) 
1 part; mastic (powdered) 1 part; shell-lac (powdered) 24 parts. 
Mix, and digest in a moderate heat, in a strong close vessel. 


To French Polish. 


The varnish being prepared (shell-lac), the article to be polished 
being finished off as smooth as pos-ible with glass paper, and your 
rubber being prepared as directed below, proceed to the operations 
as follows: The varnish, in a narrow necked bottle, is to-be applied 
to the middle of the flat face of the rubber, by laying the rubber 
on the mouth of the bottle and shaking up the varnish once, as by 
this means the rubber will imbibe the proper quantity to varnish a 
considerable extent of surface. The rubber 1s then to be inclosed 
in a soft linen cloth, doubled, the rest of the cloth being gathered 
up at the back of the rubber, to form a handle. Moisten the face 
of the linen with a jittle raw lirseed oil, applied with the finger to 
the middie of it. Placing your work opposite the light, pass your 
rubber quickly and lightly over ita surface until the varnish 
becomes dry, or nearly so; charge your rubber as before with 
varnish (omitting the oil), and repeat the rubbing, until three coats 
are laid on, when a little oil may be applied to the rubber, and two 
coats more given to it. Proceeding in this way, until the varnish 
has acquired some thickness, wet the inside of the linen cloth, before 
applying the varnish, with aleohol, and rub quickly, lightly, and 
uniformly the whole surface. Lastly, wet the linen cloth with a 
little oil and aleohol without varnish, and rub as before till dry. 

To make the Rubber.—Roll up a strip of thick woollen cloth 
which has been torn off, so as to form a soft elastic edge. It should 
form a coil from one to three inches in diameter, according to the 
size of the work, | 
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Japan Coloring, for Leather Book-Covers, &e. 

After the book is covered and dry, color the cover with potash- 
water mixed with a little paste, give it two good coats of Brazil 
wash, and glair it. Put the book between wands, allowing the 
boards to slope a little. Dash on copperas water, then with a 
sponge full of red liquid, press out on the back and on different parts 
large drops, which. will run down each board, and make a fine 
shaded red. When the cover is dry wash it over two or three 
times with Brazil wash, to give ita brighter color. 


Beoxamprgs’, RecwrEs; 3858 


..:. 12. .' Blue Sprinkle for Bookbinders, : 

Strong sulphuric ‘acid 8 onnees; ‘Spanish indigo, powdered, 2 oz 
Mix in a bottle that will hold a quart, and place it in a water-bath 
¢o promote solution. For-use, ditute.a little: to the required color in 
&teacup.  ~ - a 

we Biue Marble for Books, ce: 

Color the edges with King’s yellow, and when dry tie the book 
between boards. Throw on blue spots in’ the gum trough, wave 
them with the iron pin, and apply the edgee thereon. 


Brown Color for Marbling or Sprinkling Booka. 
1. Logwood chips 1 part; annatto.1 part; boil in water. 6 parts, 
If too light, add a piece of copperas about the size of a pea. | 
2. Umber, any quantity. Grind it on a slab with ox gall and a 
little lampblack. Dilute with ale. 


Gold Sprinkle for Books. 


Put into a marble mortar half an ounce of pure honey and one 
book of gold leaf, rub them well together until they are very fine, 
add half a pint of clear water, and mix them well together: when 
the water clears, pour it off, und put in more, till the honey is all 
extracted, and nothing remains but the gold. Mix one grain of 
corrosive sublimate in a teaspoonful of spirits of wine, and when 
dissolved, put the same, together with a little gum-water, to the 
gold, and bottle it close for use. The edges of the book may be 
sprinkled or colored very dark, with green, ‘blue, or purple, and 
lastly with the gold liquid, in small or large spots, very regular, 
shaking the bottle before using. Burnish the edges when dry, and 
cover them with paper to prevent the dust falling thereon. This: 
sprinkle will have a most beautiful appearance on extra work ; 
ladies may use it for ‘ornamenting their fancy work, by putting it) 
on with a pen or camel’s-hair brush; and when dry burnish it with 
a dog's tooth. 


Marble for Leather Book-covers. 


Wash the cover and glair:it, take:a sponge charged with water, 
having the book between wands, and drop the water from the 
sponge-on the different parts of the cover; sprinkle very fine with 
vinegar black,. then with: brown, and lastly with vitriol water. : 
Observe to sprinkle on the colors immediately after: each other, and | 
to wash the cover. over with a clean sponge and water. . .. oP 


Chinese Edge for Books. 
1.-Color the edge with light liquid. blue and dry; then take a 
sponge charged with vermillion, and dab on spots according to; 
fancy; next throw on. rice, and finish the edge with dark liquid, 
blue. 
2. Color light blue on different parts of the edge with a sponge;| 
do ¢he same. where there are vacancies with yellow and Brazil red ; | 
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dry and dab on alittle vermillion in spots; then throw on rice, and 
finish with a bold sprinkle of dark blue. Burnish. 


Wax Marble for Leather Book-covers, de. 


This marbling must be done on the fore edge, before the back of 
the book is rounded, or becomes round, when in boards, and finished 
on the head and foot. Take beeswax and dissolve it over the fire 
in an earthen vessel; take quills stripped of their feathers, and tie 
them together; dip the quill-tops in the wax, and spot the edge, 
with large and small spots; take a sponge charged with blue, 
green, or red, and smear over the edge; when done, dash off the 
wax, and it will be marbled. This will be useful for stationery 
work, or for folios and quartos. 


Egyptian Marble fur Leather Book-covers. 


1. Yellow.—Boil quercitron bark with water anda little powdered 
alum, over a slow fire, until it is @ good strong yellow. Pour the 
liquid into a broad vessel, sufficiently large to contain the cover 
when extended. Before the liquid is cool, take the dry cover, and 
lay the grain side flat on the color; press it lightly that the whole 
may receive the liquid; let it soak some time, and then take it 
from the vessel. The book must be covered in the usual manner, 
and permitted to dry from the fire. Glair the book; when dry, 

lace it between the wands; take a sponge and water, and press 
arge spots thereon; dip a quill-top into the vinegar black, with it 
touch the water on the cover in different parts, which will have a 
fine effect when managed with care. Let it stand a few minutes, 
then take off the water with a clean sponge. 

2.—Greeu.—Color the cover in a large vessel, as mentioned 
before, with Scott’s liquid blue; when done, put it into a vessel of 
clear water for an hour. Take it out and press out the water, then 
cover the book. Glair the cover; when dry, place it between 
wands, and drop weak potash water from a sponge thereon; dip 
the quill-top into the strong black, and touch the water with it. 
This must be repeated till you have a good black. When dry, 
clear it with a sponge and water. 

8. Red —Boil Brazil dust in rain-water on a slow fire, with a 
little powdered alum and a few drops of solution of tin, till a good 
eolor is produced. Dip a piece of calf leather into the Jiquid, and 
you may ascertain the color wanted. If too light, let it boil till it 
is reduced to one half of the quantity ; take it from the fire, add a 
few more drops of the solution of tin, and pour it into a large 
vessel. Put the dry cover on the liquid, and let it remain fora 
quarter of an hour, then press out the water. Color it over with a 
sponge and the quercitron bark water, and cover the book. Glair 
the cover, place it between wands, dash on water with a brush, 
also potash water; and, lastly, finish it with the strong vinegar 
black, with the quill-top. Observe that too much black is not put 
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on; the intention of the marble is to show the red as transparently 
as possible. 
French Marble for Books. 


Provide a wooden trough, two inches deep, six inches wide, and 
the length of o super-royal sheet. Boil in a brass or copper pan 
any quantity of linseed and water, until a thick mucilage is furmed ; 
strain it into the trough and let it cool; then grind on a narble 
slab any of the following colors in small-beer; Prussian blue, king’s 
yellow, rose pink, vermillion, flake white, lamp-bluck, brown 
umber, green, blue, and pelo orange, red, aud yellow, purple, 
red, and blue, brown, black, and yellow, or red. 

The lamp-black and umber must be burnt over the fire to deprive 
them of their greasy nature. 

For each color you must have two cups, one for the color after 
grinding, the other to mix it with ox-gall, which must be used to 
thin the colors at discretion. If too much gall.is used the colors 
will spread; when they keep their place on the surface of the 
trough, when moved with a quill, they are fit for use. 

To prevent the water entering between the leaves of the book, tie 
it tight between atsing boards of the same size, and place the 
trough in a steady situation, to prevent the colors from moving. 

Having all things in perfect readiness for marbling, supposing 
bike begin with the blue, throw on with the brush bold spots of 

lue, sprinkle very fine with the white on the blue spots, fill up the 
spaces with red and yellow, by dipping first the quill-top into the 
yellow, and touching the gum therewith, then with the red. The 
red and yellow may be waved or drawn round the blue spots with 
an iron pin, or as the marbler may think proper, according to 
fancy. 
Hold the book with its edge downwards, and press it lightly on 
the colors so disposed on the gum, and the edge will be immediately 
marbled. The colors that may remain on the gum must be taken 
off, by applying paper thereon, before you prepare for marbling 
again. In this manner you may marble the edges to resemble the 
end-papers, which will have a pleasing effect. 


Chinese Marble for Leather Book-covers, de. 


Color the cover of the book dark brown, and when dry put ‘e 
into the cutting-press, with the boards perfectly flat; mix whiting, 
and water of a thick consistence and throw it on, in spots or, 
streaks, some large and some small, which must remain till dry. 
Spot or sprinkle the cover with liquid blue, and lastly throw on: 
large spots of liquid red. The colors must be dry before washing 
off the whiting. 


Orange Sprinkle for Books. 


Color the edge with King’s yellow, mixed in weak gum-water, 
then sprinkle with vermillion mixed in the same manner. 


———— eel 
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. Freon Sprinkle for Booka. 
1. Yellow the edge, then sprinkle with dark blue. 
2. French berries 1 part; soft water 8 parts. Boil, and add a 
little powdered alum; then bring it to the required shade of green, 
by adding liquid blue. - 


Green Marble for Leather Book-covers, de. 


The edge must be marbled with a good bright green only. When 
the color is prepared with the ox-gall, and ready for use, a few 
drops of sweet oil must be mixed therein, the color thrown on with 
a brush, in large spots, till the gum is perfectly covered. The oil 
will make a light edge round each spot, and have a good effect. 

Blue, green, and brown may be also used separately in like 
manner. 

Sheets of paper may be done, having a trough large enough, and 
the sheets damped as for printing, before marbling. 

Spirits of turpentine may be sprinkled on the colors, which will 
make white spots. 

Binder’s Thread Murble. 


Yellow the edge; when dry, .eut pieces of thick.thread over the 
edge, which will fall on different parts irregularly; give it a fine 
dark sprinkle, and shake off the thread. 


Rice Marble, for Leather Book-covers, dc. 


Color the cover with spirits of wine and turmeric, then place on 
rice in a regular manner; throw on a very fine sprinkle of cop- 
peras-water till the cover is nearly black, and Jet it remain till dry. 
The cover may be spotted with the red liquid or potash-water, 
very freely, before the rice is thrown off the boards. 


Orange Color for Marbling or Sprinkling Books, &e. 
Ground Brazil-wood 16 parts; annotto 4 parts; alum, sugar, 


and gum-arabic, each 1 part; water 70 parts. Boil, strain, and 
bottle. 


Tree Marble, for Leather Book-covers.. 


A marble in the form of trees may be done by bending the 
boards a little on the centre, using the same method as the common 
marble, having the cover. previously prepared. The end of a 
candle may be rubbed on different parts of the boards, which will 
form knots. 


Vinegar Black for Bookbinders, cc. 
Steep iron filings or rusty iron in good vinegar for two or three 
days, then strain off the liquor. 
Zo Sprinkle Books. 


Take a stiff brush made of hogs’ bristles, perfectly clean, dip it 
in the color; squeeze. out the superfluous liquid; then vb & 
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folding-stick saeross the brush, and a fine ahaa will fall on the 
edge of the book, which should be previously serewed tight in the 
cutting-presa. Repeat the operation until the color is thrown 
equally on every part of the Jeaves’ The brush should be held in 
the left hand, and the stick in the right. 


Purple Sprinkle for Bookbindera, 


Logwood chips 4 parts; powdered alum 1 part; soft water 24 
parts. Boil until reduced to sixteen parts, and bottle for use. 
2. Brazil dust (fine), and mix it with potash-water for use, 


‘Soap Marble for Books. 


This is applicable for marbling stationery, book edges, or sheeta 
of paper for ladies’ fancy work. 

Grind, on a marble slab, Prussian blue, with water, and a little 
brown soap, to a fine pliable consistence, that it may be thrown on 
with a small brush. 

Grind King’s yellow, in the same manner, with water and white 
soap. 

When green is intended for the ground color, grind it with brown 
soap, and King’s yellow with white soap. Lake may be used for a 
ground color, and Prussian blue ground with white soap ; brown 
umber for a ground color, and flake-white ground with white Boap. 
Any color of a light substance may be ground for marbling. 


Spotted Marble for Books, de. 


After the fore-edge of the book is cut, let it remain in the press, 
and throw on linsgeds in a regular manner; sprinkle the edge with 
any dark color, till the white paper is covered, then shake off the 
seeds, Various colors may be used. The edge may be colored 
with yellow or red before throwing on the seeds and sprinkling 
with blue. The seeds will make a fine fancy edge when placed 
very thick on different parts, with a few slightly thrown on the 
spaces between. 


Brown Sprinkle for Leather Book-covers, ¢e. 

Pearlash or potash 1 part; soft water 4 parts Dissolve and 

strain. : ; A 
Red Sprinkle for Binders. 

Brazilewood (ground) 4 parts; alum 1 part; vinegar 4 parts; 
water 4 parts. . Boil until reduced to seven parts, then add a small 
quantity of loaf-sngar and gum, Bottle for use, 

Black Sprinkle for Leather Book-covers, dc. 

Green copperas 1 part; soft water, hot, 6 parts, Dissolve. 


Stone Marble for Leather Book-covers, ce. 
Glair: the cover, and when dry put the book into the easing: 
press, with the boards sloping, to cause the colors to run gently 
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down. . Throw on weak copperas-water with'h brush; dip a sponge 
into the strong potash-water,-and press out the color from the 
sponge on different parts of the back, so that the colors may run 
down each side from the back:. Where the brown has left a 
vacancy apply vitriol-water in the same:-manner. . The book must 
remain till perfectly dry before washing it. 


CRAYONS. 


Lithographic Crayons. ys 

1. Take white wax 4 parts; gum-lac 2 parts. Melt over a gentle 
fire, then add dry tallow soap in shavings 2 parts. Stir until dis- 
solved. Next add white tallow 2 parts; copal varnish 1 part; 
lampblack 1 part. Mix well, and continue the heat and stirring}, 
until, on trial by cooling a little, it appears of a proper quality, 
which should be that it will bear cutting to a fine point, and trace 
delicate lines without breaking. 

2. Take dry white tallow soap 6 parts; white wax 6 parts; 
lampblack 1 part. Fuse in a covered vessel. 

8. Take lampblack 1 part; tallow soap 2 parts; shell-lac 2 
parts; wax 4 parts. Mix, with heat, and mould. | 

4. Take dried tallow soap 5 parts; wax 4 parts; lampblack 1 
part. Mix as before. 

Crayons. 

1, Shell-lac 6. parts; spirit 4 parte; turpentine 2 parts; color 19 
parts; pale clay 12 parts. Mix. aa ae 

2. Pipe-clay, color as required, water to mix. Form into a stiff 
paste, and rodl it into crayuns. 


To Fix Crayon Colors. 


Paste your paper on canvass, in a frame, in the usual way, then 
brush over the back two or three times with the following mixture, 
and when the last coat is dry give the face of the picture one or 
two costs in the same way. This will make it resemble an oil 
painting. Spirits of turpentine 10 parts; boiled oil 6 parts. Mix. 

To render permanent Chalk-or Pencil Drawings, 

Lay the drawing on. its face, and give the back two or three thin 
eoats of the following (No. 1) mixture; let it dry, and turn it with 
the chalk upwards, and give that side one or two coats‘also; lastly, 
if you choose, give it one or two coats of No. 2. 

1. Isingluss or gum-arabic 5 parts; water 12 parts. Mix. 

2. Canada baleam 4 parts; turpetitine 5 parts Mix =“ 

Waek to fiz Blacklead Pencil Drawings, . 

1. Isinglasa 1 part; water. 50: parts.. Dissctve with’ heat, ‘and 

filter, : i, ae ge? te sae. ee 
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2. Take skimmed milk, and straia. For use, pour the liquid on a 
surface sufficiently large, and take the drawing by the corners, lay 
it flat on the wash, then carefully remove it, and place it on a 
slanting surfare to drain and dry. This will also answer for chalk 
drawings. — 
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GILDING. 
: Zo-Gild or Silver Leather. . 

Finely powder resin, and: dust it over ‘the strrféce of the leather, 
then lay on the leaf, and apply (hot) the letters or impression you 
wish to transfers lastly, dust off the loose metal with a cloth. The 
cloths used for this purpose beeome, in time, very valuable, and are 
often sold to the refiners for $5 to $7. rs 


To gild on Calf and Sheep Skin. 
Wet the leather with the white of eggs; when dry rub it with 
your hand and a little olive oil, then put the gold ‘leaf, and apply 
all 


the hot iron to it. Whatever the hot iron shall not have touched 
will go off by brushing. . 
To gild Copper, Bram, dc. (Patent.) 
Fine gold 5 parta; nitric acid (sp g. 2°45) 2] parts; hydro- 
chloric acid (sp. g. 115) 17 parts; pure water 14 parts. Digest 
with heat in a glasé vessel until all the gold is dissolved, and till 
red or yellow furres cease to rise’ Decant the clear liquid into 
some conveniént vessel, and add water, 500 to 600 parts. Boil for 
two hours, let it stand to setthe, and pour off the clear into a 
suitable vessel. For use, heat the liquid and suspend the articles 
(previously well cleaned) by means of a hair or fine wire, unfil suf- 
ficiently coated -with gold, then well wash them in pure water. 


_e |. To gild Glass and Porcelain. 
1. Apply to the part a surface of gold size; when nearly dry lay 
on the le 


2. Gold powder 2 parts; borax 1 part; turpentine to mix. Mix 
and apply to the surface to be gilded with a camel-hair pencil; 
when quite dry, heat it in a.stove until the. borax vitrifies, Bur- 
nish. Platina, silver, tin, bronze, de, may be applied in a similar 
manner. ? 


To give Iron the color of Copper. 
_ Take 1 oz of copper-plates, cleansed in the fire; 3 oz. of aqua- 
fortis; dissolve the coppeh and wheri it is cold use it by washing 
your iron with it by the help of-a feather ; it-is presently cleanse 
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and smooth, and will be of a copper color; by much using’ or 
rubbing it will wear off, but may be renewed by the same process. 


A way of Gilding with Gold upon Silver. 

Beat a ducat thin, and dissolve in it two ounces of aqua-regia; 
dip clean rags in it, and let them dry; burn the rags, and, with the 
tinder thereof, rub the silver with a little spittle; be sure first that 
the silver be cleansed from grease. : 


Gilder’s Wax. 


1. Yellow wax 8 pounds; verdigris 1 pound; sulphate of zine 1 
pound ; red oxide of iron 24 pounds. Powder the last three 
articles very fine. 

x. Yellow wax 7 pounds; colcothar 7 pounds; verdigris 8 
pounds; borax } pound; alum 7 pound. 


To dye in Gold Silver Medals, or Laminaa, through and through. 

Take glauber salt, dissolve it in warm water, su as to form a 
saturated solution. In this solution put a small proportionate 
quantity of calx, or es taba of gold. Then put and digest in it 
silver laminas cut small and thin, and let hea lie twenty-four 
hours over a gentle fire. At.the end of this term you will find 
them thoroughly dyed ‘gold color inside and out. 


To gild Silks, Satins, dc. 
Nitromuriate of gold, in solution, 1 part; distilled water 8 parts. 


.Mix. Lay out any design with this fluid, and expose it, while wet, 
to a stream of hydrogen gas; then wash it with clear water. 


Lo make Transpayent Silver. 


Refined silver one ounce; dissolve it in two ounces of aqua-' 
fortis; precipitate it with a pugil (a quantity that may be taken 
up between the thumb and finger) of salt, then strain it through a 
paper, and the remainder melt in a crucible for about half an hour, 
and pour it out, and it will be transparent. | 


To make Copper into a Metal like Gold. 


Distilled’verdigria 4 oz; Tutie: Alexandrine preparate two oz. ; 
saltpetre 1 oz’; borax 40z Mix all together with oil, till they be 
as thick as pap; then melt it in a crucible, and pour it into a fire 
shovel, first well warmed. ‘ 

| Mercurial Plating. 

Quicksilver 4 parts; nitric acid 4 parts; yee powdered cream | 
of tartar 2 parts; finely pores salt of sorrel 1 part. Dissolve! 
the silver in, the acid, then add the rest, and stir until dissolved. | 
This He a pleasing. silvery appearance to ‘articles formed of, 
copper, by merely applying it with the finger. 

Grecian Gilding. 
Take sal-ammoniac and bichloride of mercury, equa] parts, 
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dissolve in nitric acid, and make a solution of gold with this fluid, 
lay it on the silver, and expose it to a red heat; it will then be 
gilded. 


To gild or silver Writing. 


Let there be a little gum and lump-sugar in the ink you write 
with ; when dry, breathe on it and apply the leaf. 


To whiten Copper throughout. 


Take thin plates of copper, as thin as a knife, heat them six ot 
seven times, and quench them in water; then melt them, and tc 
each pound add 4 ounces of saltpetre and 4 ounces of arsenic, well 
powdered and mixed, and first melted apart in another crucible, 
by gentle degrees; then take them out, and powder them; then 
take Venetian borax and white tartar, of each an ounce and a half: 
then melt these. with the former powder, in a crucible, and pour ther 
out into some iron receiver; it will appear as clear as crystal, anc 
is called erystallinum ficum arsenicum. Of this clear matter, broker 
into little pieces, throw into the melted copper (by small pieces al 
a time, staying five or six minutes between each injection) 4 
ounces; when all is thrown in, increase the fire, til] all be wel 
melted together for a quarter of an hour; then pour it out into ar 
ingot. 


To gild Steel. 


Apply an etherial solution of gold. This is sige adapted t< 
lettering, as wholly covering the object. It may be applied with ¢ 
pen, or otherwise. 


GLASS STAINS. 
Red Stain for Glass. 


1. Rust of iron 100 parts; glass of antimony 99 parts; yellov 
glass of lead 98 parts; sulphuret of silver 3 parts. Mix. 

2. White hard enamel 100 parts; red chalk 50 parts; peroxid 
of copper 5 parts.. Reduce to fine powder, and mix. 


Blue Glass. 


| Plain paste 800 parts; zaffre 3 parts; manganese 1 part. If th 
lass should be of too deep a blue, use less zaffre and manganese 
if too purple, omit the manganese altogether. 


Black Stain for Glass. 
1. Black scales of iron 29 parts; white crystal glass 4 parts 
antimony 2 parts; manganese 1 part; vinegar to mix. 
_ 2. Glass of antimony 1 part; oxide of copper, 2 parts; erysts 
glass 3 parts. Mix, : 
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' Orange Stain for Glass. 
Precipitated ailver powder, yellow ochre, red ochre, equal parte 
Turpentine to mix. 
Brown Stain for Glass. 
White glass 2 parts; manganese 1 part. Mix. 


Flesh Color for staining Glass. 
Red lead 1 part ; red enamel 2 parts. Mix with alcohol 
Yellow Stain for Glass, 
Chloride of silver 1 part; burnt pipeclay 3 parts. Reduce to fine 


powder, and mix. This atain must be applied to the back of the 
glass. 


To Marble a Glass Globe. 


Grind well on a stone, minium for red, turmeric, or: rather 
cerussa citrina, for yellow, smalt for blue, verdigris for green, 
ceruse, or chalk. for white. Work each in oi} separate, and: with a 
hog’s hair pencil, single or mixed, as:you think fit, seatter the same 
into the glass, and roll it, or dispose the colors, as you like. Then, 
last of all, fling a little mead amongst them, which covers all. 

For the Magic Lantern, paint the glasses with transparent colors, 
tempered with oil ofspike. , .. |. 
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FACTITIOUS STONES. 
Factitious Amethyst, 

1. Take strass 5000 parts; oxide of manganese 37 parts; oxide 
of cobalt 25 parts; purple of Cassius 1 part. Fuse for twenty-six 
hours, and cool slowly. + - 

2. Take paste or strass 10,000 parts; oxide of manganese 25 
parts; oxide of cobalt 1 part. 

| Factitious Emerald. 

1. Oxide: of chrome 1 part; green oxide of copper 20 parts; 
strass 2300 parts. Fuse with care for twenty-six hours, then cool 
slowly. 

2. Strass 10,000 parts; acetate of copper 150 parts; protoxide of 
iron 3 parts. As before. 

3. Strass 6600 parts; carbonate of copper 60 parts; glass of anti- 
mony 6 parts. Fuse with care. 

4. Strass 500 parts; glass of antimony 20 parts; oxide of cobalt 
3 parts.- As before. 


Artificial Coral. 


Yellow resin 4 parts; vermillion 1 part. Melt. This gives # 
very pretty effect to glass, twigs, cinders, stones, &c., dipped into 
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| it. It is also useful for a cement for ladies’ fancy work, such a 
grottoes, dec. | 


Paste resembling the Red Cornelian. . : 


Plain paste 1000 parts; glass of antimony 500 parts; calcine 
vitriol. 63 paris or less; manganese 4 parts. Melt together,. 


Paste resembling the: White Cornelian.. 
Plain paste 1000 parts; yellow ochre 8 parts; calcined bones 3: 
parts. As before. 


Factitious Opal. 


1. Strass 500 parts; horn silver 10 parts; calcined magnetic or 
2 parte; chalk marl 25 parta’ Mix in fine powder, and fuse with 
great care. 

2. Plain paste 100 parts; calcined bones’6 parts. 


Factitious Oriental Ruby. 
Strass 7000 parts; precipitate of Cassius and nitric peroxide o: 
iron each 165 parts; golden sulphuret of prety 160 parts 


manganese calcined with nitre 150 parts; rock crystal 1000 parts 
Mix in fine powder, and carefully melt. 


Factitious Sapphire. 
1. Oxide of cobalt 1 part; strass 80 parts, 
2. Paste or strass 2300 parts; oxide of cobalt $4 parte. Fuse 
carefully for thirty hours. : 
r s. Plain paste 100 parts; smalts 12 parts; manganese 1 part. As 
'| before. 
4. Plain paste 10 pounds; zaffre 8 ‘drachms; precipitate of gold 
and tin 1-drachm. As before. 


Factitious Topaz. 
1. Strasg 1000 parts; glass of antimony 42 parts; purple of 
Cassius 1.part. Fuse for twenty-four hours, and cool slowly. 
2. Strass 4000 parts; saffron of Marg 40 parts. As before. 


To solder together Rubies. 

Apply them to a strong flame by means of the ee eee and 
when sufficiently soft unite them with care; they will neither lose 
their color nor weight. 

| Factitious Ruby. _ 
Strass 40 parts; oxide of manganese 1 part. Mix, and treat as 
for topaz | 


White Crystal, or Factitious Diamond. 
Manganese | part; rock erystal 2800 parts; borax 1900 parts; 
white lead 5700 parts. Mie in fine powder, then fuse in a clean 
crucible, pour: it ante water, dry,: powder, and repeat, the process 


two or three times. 
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Composition for Fixed Brilliants, 
Meal gunpowder 16 parts; zinc, or steel, or cast-iron borings 6 
parts. Mix, 


Paste resembling: Vinegar Garnet. 


Plain paste 1000 parts; glass of antimony 500 parts; calcined 
iron 16 parts, Add the antimony last. 


Gold or Yellow Paste. 


Take plain paste (made without the saltpetre) 100 parts; oxide 
ofiron 1 part. Fuse, — | 


Factitious Lapiz Lazuli. 


Plain paste'1000 parts; calcined bones 78 parts; zaffre 7 parts; 
magnesia 5 parts, If it is desired to vein it with gold—gold pow- 
der and borax, equal parts; vein the cakes to taste, and then heat 
them sufficiently hot for cementation, 


Foils for Crystals, Pastes, 
Put two or three layers of tin-foil into the socket made for the 
stone, heat it gently, and fill it with quicksilver, let it rest two or 
three minutes, then pour it out, and place in the stone. 


Factitious Yellow Diamond. 
Strass 500 parts; glass of antimony 10 parts. Fuse, 
Another. 
Strass 500 parts; chloride of silver 25 parts, Mix, and fuse. 


poe | Strasse, or Mayence Base, 


1. Pure rock crystal, or flint, 8 parts; salt of tartar 25 
Powder, mix well, bake, and cool, then put it into a basin of 
water, and add dilute nitric acid until effervescence ceases; collect, 
wash, and dry the powder; next add fine white-lead 12 parta. 
Levigate and well wash it with pure water, then of the above mix- 
ture dried 12 parts; calcined borax 1 part. Triturate them toge- 
ther, melt in a clean crucible, and pour the mixture into cold water; 
dry, powder, and melt it in the same manner, a third time, always 
ina fresh crucible, observing to separate any lead that may be 
revived. To the third frit, ground to powder, add purified nitre 
% part. Remelt, and a mass of crystal will be found in the crucible 
of a beautiful and diamond-like lustre. 

2. Arsenic 1 part; borax 23 parts; pure pearlash 180 parts; 
minium 525 parts; rock crystal 888 parts) Mix, as before. 

3. Arsenic ] part; borax 30 parts; potash 105 parts; carbonate 
of lead 709 parts; fine white sand 315 parts. Mix with care. 

4. Arsenic 1 part; borax 35 parts; potass 325 parts; minium 
900 parts ; rock crystal 580 parts. Treat as before. 

5, Rock erystal 400 parte; pure white lead 945 parte; 
potash 140 parts; borax 41 parts. : 
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6. Pure potash 2 parte; fine white sand 15 parts; litharge 20, 
parts. . See also. Paste. : ‘ ! 


a 


INKS. 
Indestructible Ink. 


1. Powdered copal 25 parts; oil of lavender 200 parts; lamp- 
black 2 parts; indigo 1 part. Dissolve. 

2. Asphaltum 1 part; lamp-black } part. Melt, then add oil; 
prepared for printers’ ink, by boiling and burning until sufficiently ! 
stringy, 14 part. Mix together, and add spirits of turpentine 8 or; 
4 parts. e would propose this ink, made with less turpentine, so: 
as to be sufficiently thick for stamping, as the most perfect pre-, 
ventive of fraud, as when applied to the surface of an engraving, or; 
letter-press, nothing will remove it that will not also discharge the| 
ink of the stamp. 7 will stand the action of the alkalies, chlorine, | 
acids, &c, even in a heated state, when they will at once destroy 
the texture of the paper. © 

Lithographic Ink. 

1. Take Venice turpentine 1 part; lamp-black 2 parts; tallow 6), 
arts; hard tallow soap 6 parts; mastic in tears 8 parts; shell- 
ac 12 parta; wax 16 parts. Melt, and pour it out on a slab. 

2. Take-dry tallow soap 5 parts; mastic in tears 5 parts; Scotch 
soda 5 parts; shell-lac 25. parts; lamp-black 2 parts. Fuse the 
soap aud lac, then add the remainder. 

For use, this ink must be rubbed down with water in a saucer 
aoe until an emulsion is formed of a proper consistence to 
flow easily from a pen or pencil. . 

Blue Writing Fluid. 

1. Ferrocyanide of iron, powdered, and strong hydrochloric 
acid, each 2 parts. Dissolve, and dilute with soft water. 

2. Indestructible.—Shell-lac 4 parts; borax 2 parts ; soft water 36! 
parts; boil in a close vessel till dissolved; then filter, and take of; 
gum-arabie 2 parts; soft water 4 parts. Dissolve, and mix the two: 
solutions tegether, and boil for five minutes as before, occasionally ; 
atirring to promote their union; when cold, add a sufficient quan-, 
tity of finely powdered indigo and lamp-black to color; lastly, let! 
it stand for two or three hours, until the coarser powder has aub-| 
sid-d, and bottle for use. Use this fluid with a clean pen, and keep 
it in glass or earthen inketands, as many substances will decom-| 
poss. it while in the liquid state. When dry, it will resist the 
action of water, oil, turpentine, alcohol, diluted sulphuric acid, 
diluted hydrochloric acid, oxalic acid, chlorine, and the caustic 
alkalies and alkaline earths. | 5 oe 
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1 Red Ink for: Writing. -- 

Boil over a slow fire 4 ounces of Brazil wood, in:amall raspin: 
or chips, in a quart of water, till a third part of the water is eva- 
porated. Add during the boiling 2 drachms of alum in powder. 
When the ink is cold steam it through a fine cloth. Vinegar or 
stale urine is often used instead of water. In case of using water 
adding a very small quantity of sal-eammoniac would improve this 
in 
| 
| Fine Black Writing Ink. 

Take 2 gallons of a strong decoction of logtwood, well strained, 
and then add 14 pounds blue galls in coarse powder; 6 ounces 
sulphate of iron; 1 ounce acetate of copper; 6 ounces of well 

round sugar; and 12 ounces of gum-arabic. Set the above on the 
fire until it begins to boil, then set it away until it has acquired the 
desired black. 


Black Ink improved. 

To 1 pint of common black ink add 1 drachm of impure car- 
bonate of potassa, and in a few minutes it will be a jet black. Be 
careful that the ink does not run over, during the effervescence 
caused by the potassa. 


' Green Ink. 


1. Cream of tartar 1 part; verdigris 2 parts; water 8 parts. 
Boil until reduced to a proper color. 
2. Crystallized acetate of copper 1 ounce; soft water1 pint. Mix. 


Marking Ink. 
Lunar caustic 2 parts; sap green and gum-arabic each 1 part; 
distilled water. Dissolve. 
The Preparation.—Soda 1 ounce; water 1 pint; sap green } 
drachm. Dissolve, and wet the linen (where you intend to write); 
with this mordant, then well dry it. 


Printing Ink. 


1. (Very fine.}—Balsam of capaivi 9 parts; fine lamp-black 4! 
parts; indigo 1 part; dry yellow soap 3 parta’ Grind perfectly! 
smooth. 

2, (Extemporaneous.)—Balsam of capaivi, lamp-black to color. 
Grind well together with a little soap. 

8. Take linseed oil; heat it in a proper vessel until it begins to 
boil, then remove it from the fire, and kindle the vapor; allow it 
to burn till it becomes stringy when tried between the fingers, then 
add gradually to every quart black resin 1 pound. Dissolve, and 
add very cautiously ory rown soap in shavings, 44 ounces to every | 
quart. Set it upon the fire, and stir the mixture until the combi- 
nation is complete; next, put into a suitable pot, finely gronnad 
indigo 1 ounce; fine Prussian blue 1 ounce; fine lamp-black 18 
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omnees. Fer every pound of cesm employed pour the liquid on the 
color, well mix, and destly, subject it to the actien ofa mill, 
Indelible Ink for Marking Linen. - 

L The juice of sloes i pint; gum } ounce, This requines ne mor- 
dant, and is very durable. 


2. Nitrate of ailver 1 part; water 6 parte; gumi part. Dissolve. 
if toe thick dilute with warm soft water. es 


Arntagraphic Ink for Lithographers. 
White seap 25 parts; white wax 25 parte; mutten euct 6 parts; 
lamp-black 6 purts; shell-Iac 10 parés; mastie 10 parta Mix with 
beat, and proceed as for lithographie ink. 


Zo vettere Writing effaced with Chlorine. 

1. Expose it te the vapor of sulphuret ef ammonia, er dip it into 
# solution of the sulpharet. 

2. Kerrecyanide of potass 5 parts; water 835 parts. Dissolve, 
and immerse the paper in the fluid, thea shghtly acadulate the solu- 
éien with sulphuric acid. 

To give an appearance of Age to Writing. 

Infuse a drachm of saffron in half a pint of ink, then write with 

at. | 
Perpetual Ink for Tombstones, Marble, de. 

Pitch i! parts; lamp-black 1 part; turpentine suffeient. Mix, 
with heat. 

Blue Ink. 

‘Take eulphate of indiga, dilute & with water fill it produces the 
oolor required. It is with sulphate very largely diluted, that the 
faint blue lines of ledgers and other account beoks are ruled. If 


‘the ink were weed strong, it would be necessary to add chalk to it 
to neutralize the acid. The sulphate of indigo may be had of the 


woollen dyers. 
Copying Ink. 
Add 4 ounee of moist sugar te every pint of commen ‘ink. 


hed Permanent Ink. . 
Vermillion 4 parte; sulphate of iren 1 part; drying oil te mix. 
Any other color will answer besides red. as ink wil resiexs most 
| of the usual reagents. 


Black Permanent Ink. 
Nitrate of silver 2 parts; distilled water 28 parte; sap green 1 
part. Diseelve. 
Hor the Mordant.—Common soda 2 parts; gum-arabie { part; 
soft water 8 parte Mix, and moisten the linen with this fluid, and 
well dry before using the ink 


; Yellow Ink, ae 
1. French ‘berries 1} ad; alum 2 ounces; water 1: gallon. 
. Boil and strain, then add gum-arabic 4 ounces, 


_ 2. Water 30 parts; Avignon berries 7 paris; gum and alum eaeh 
5 parts. Boil for one hour, and strain. 


Blue Ink for Ruling. 

Take 4 uunces of vitriol, best quality, to 1 ounce of indige; pul- 
verize the indigo very fine; put the indigo on the vitriol, fet than 
stand exposed to the air for six days, or until dissolved; them fill 
the pot with ehalk, add half a gill of fresh gall, boiling it before 


use. 
Black Ink for Ruding. 


Take good black ink, and add gall as for blue; do not eork it, as 
it will prevent it from turning black. 


Red Ink for Ruling. 


One pound of Brazil wood to one gallon of the best vinegar ; Tet 
the vinegar simmer before you add the wood, then let them simmer 
together for half an hour, then add three quarters of a pound of 
alum to set the color; strain it through » woollen or cotton eloth, 
cork it tight in a stone or glass bottle. For ruling, add half » gill 
of fresh gall to 1 quart of red ink, then eork it up in a bottle for 
use. 


Indian Ink. 


1. Take finest Iamp-black, and make it into a thick paste with 
thin isinglass; size, then mould it; attach the goid leaf, and scent 
with a little essence of musk. 

2. Take lamp-black, make it into # thick paste with gum-water, 
and mould it. 


Carbon Ink. 


Dissolve real India ink in eommon black ink; or add a suaali 


quantity of lamp-black, previously heated to redness, and ground 
perfectly smooth with a small portion of the ink. 


Gold and Silver Ink. 


Fine bronze powder, er gold: or silver leaf, ground with: a little 


sulphate of potash, and washed from the salt, is mixed with water 
and a sufficient quantity of gum. 


Gluten Ink. 
Diseolve wheat gluten, free from starch, in weak acetic acid of, 


the strength of common vinegar; mix 10 gr. of lamp-black- and 2. 
gr. of indige with 4.ez, of the solution, mae drep er two of oil of, 


clovea 


oo. 


Fy 


Wax. 865 


_ Ink for sriting on: Zine Labdlq—Horticudttural Ink. 
1. Dissolve 100 gr. of chloride of platina ia a pint of water. A 
Tittle mucilage and lamp-black may be added. 
2. Selammanise ] dr, verdigris 1 dr, lamp-black 3 dr, water 


10 dr. Mix. * 
Chrome Ink. | 

Extract of logwood } oz; gum } oz; water a pint. Dissolve 
alee in 12-07. of water faz. of yellow chromate of potash (or t oz. 
each of bichromate and biearbenate wf potash). Mix the two solu- 
tions, ‘The mk is ready for imniediate use. | 

_ . dak for snriting on Steel, Tin Plate, or Sheet Zine. 

Mix 1 ounce of powdered sulphate of copper and + ounee ef pow: 
Mevad sal-ammaniac, with 2 aunces af diluted acetic acid; adding 
| lamp-black or varmillion. ~ 3 


! 
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WAXES. | 
Black Sealing-waz. 
| 4. Bhell-lae 2 parts; yellow xesin 3 parte; ivery black 2 parte. 
Powder fine, pay ae by eulting canefully. wae 
| 2 Yellow nesin 15 pounds; lard 1 pownd; heeswax 1 pound; 
Boft Sealing-war. — ee ae 
|  Yxllow-vesin 1 part; beeswax 4 parts; lard 1 part; Venice tur. 
} pentine 1 part; color to fancy. Mix with a gentle heat. | 
Geld Colored Sealing-wasx. 
i. Bleached <hell-lae 1 pound; Venice turpentine 4 ounces 
Melt, and add gold colered tale as required. 
2. Bleached shell-lac $3 pounds; turpentine 1 pound: Purch leaf 
ground fine, { pounder less. Mix with a gentle heat. The lea 


should be gvound or powdered sufficiently fine without being 
reduced Lo dust 


Green Sealing-war. 
1 Sheli-lne 2 parts; yellow medin 1 part; vendigris 1 part. Powde 
amd xoix by heating slowly. ” sie 
Scented Seating-wase. 
‘| 4. Baleam of Peru 2 parts; sealing-wax compesition 130 parts 
Mix, witha gentle heat . : 


4 2. Sealing-wax compesition 99 parts; essence of musk 3 marta 
| Aida on ew cdhng and er wal : 


. 


¢ 


870 Waxes. 


8. Wax composition 96 parta; oil of lavender 4 parts; oil of 
lemon 8 parts. As before 


Blue Sealing-waz. 


Shell-lac 2 parts; smalts 1 part; yellow resin 2 parta Powder, 
and mix carefully with heat. 


Red Seating-waz. 
1. Shell-lac 2 parts; resin 1 part; vermillion 1 part. Powder 
fine, and melt over a slow fire. 
2. Yellow resin 14 parts; Venetian turpentine 4 parts; beeswax 
1 part; red or orange lead 5 parts Mix, with heat. 
3. Oil of turpentine 1 part; lard 1 part; vermillion 2 parts; 
gum-lac 12 parte. Mix, with a gentle heat. 
4. (Very fine.)}—Shell-lac 4 parts; Venice turpentine 1 part; 
vermillion 8 parta. Mix. 
Engraver’ Border Waz. 
Beeswax 1 part; pitch 2 parte; tallow 1, Mix, 
Black Bottle Waz. 


Common reein 20 pounds; tallow & pounds; lamp-black 4 
pounds. Mix, with heat 


Red Bottle Waz. 


Common resin 15 pounds; tallow 4 pounds; red lead 5 pounds 
Mix, with heat. Any color may be employed. 


Marbled Sealing-waz. 
Take wax of different eolors and melt them in seperate vessels, 
and when they begin to cool a little stir them all together, and 
form the mass into sticka, 
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RECOMMENDATIONS. 


Office of the O. & M. R. BR. Co. Cincinnati, May, 1856. 
| Having examined Mr. Haslett’s Field Boek for Railroad Engineers, 
and meade use ef the rules he has laid dewn, I am satisfied of ite 
superiority to any similar werk yet published, in eomprehensiven 
and the ready sii spon of the rules The introduction ef versed 
simes and external secants Into the calculations very much reduce 
the time and labor required by the usual methed of calculations for 
locating Tines . J.B. Cunmanes, 
Engineer Eastern Div. Ohio and Mississippi RK. R. 


I mest fully concur m recommending Mr. Haslett’s werk to the 
attention of Engineers, believing it better than anything of the kind 
yet published. . A. Gorey, 

Chief Eagincer, Indiana South Western R. R- 


C. A. Hastert, Esq.—Dear Sir:—I have examined with eensider- 
able eare the work you bispoee to publish for the use of engineers 
in the field, and I have no hesitancy im saying that it will be the 
moat useful of any work of ite character yet offered to the publie. 

Yours very truly, 
L. Oseoos, 
Division Engineer, Ohio and Mississippi R. R. 


I ecencur with Mr. Cummings in the opinion that. Mr. Haslett’s 
mode of locating lines very much reduces the time and labor 
required by the usual m : 8. 8. Post, 

Chief Engineer, Ohto and Mississippi R. FR. 


From statements received from engineers of the Ohio and Missie 
sipps Railroad who have used Mr. Haslett’s methed, I have evesy 
reason to believe it to be an improvement in simplicity and aceuraey 
over the old methods in use. . M. Miresets, 

| Con. Engineer, Ohio and Mississippe R. R- 


I have examined the mathematical tables recently prepared by 
Mr. Chas, Haslett, for the purpose of faeilitating the ealculations of 
Railway Engineers in adjusting eurves, &c. 1 think they are very 
nsefal and well adapted to the wauts of the profession generally. 
From my personal acquaintance with the author, and knowing well 
his mathematical attainments, I have the fallest confidenee m the 
accuracy of the tables above referred ta S. A. Richarpsox, 

Division Engineer, Virginia Central R. R. 
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PREFACE. 
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In, presenting this work to the publig, the Author claims for it the 
adaptation of a-new prineiple in trigonometrical analysis of the 
formaplas generally used in field calculations Experienca hag 
shown, that versed sines and external secants as frequently enter 
inte calculations on curves as sines and tangents; and by their 
use, as illustrated in the examples given in this work, it is believed 

| that usany of the rules in general use are much simplified, and 
mary calculations concerning curves and running lines made less 

| intricate, and results obtained with more accuracy and. far Jess 

| trouble, than by any methods laid down in works of this kind. 

| The examples given have all been suggested by actual practice, 
and will explain themselves. It has net been thought necessary to | 

+ enter into all the details of demonstration, as this book is inti n led 
expressly for use in the field; and engineers seldom have time to 

jenter inate tedious geometrica) demonstrations, when direct appli- 
cation of rules is required. | 

As a book for practical use in field work, it is confidently believed 
that this is more direct ia the application of rules and facility of 

{ calculation than any work now in use. 

In addition to the tables generally found in books of this kind, 

the auther has prepared, with great labor, a Table of Natural and 

} Logarithmic Versed Sines and External Secants, calculated to 60 

degrees, for every minute; also, a Table of Radii and their Loga- 

Tithms, from 1° to 15°. Rules and examples are alse given for 

running curves without the use of an instrument; also for locating 
turnouts, side tracks, switches, &c. 

Having been for several years engaged in surveys and locations 


of railroads, and practically convinced of the great saving of time 


14 ae Pazrate. 


and trouble gained by using the rales and principles given in this 
book, the Author submits it, without further preface, to the pro- 
fession, fully confident that ite use will be practical proof of its 
merits, 

The tables and aes have been itetatel with great eare, 
and their accuracy may be relied-apon. 

While the Author claims a fair share of originality in the follow- 
ing work, he would acknowledge’ many valuable suggestions 
derived from Mifflin’s Diagrams, as also'from Kenek' on Compound 
and Reversed Curves, authors to whént he would irefer those 
wiehing to follow the subject at greater length, On the manner of| 
working an instrument Mifflin is very clear and concise. This work 
ts designed especially for practical field engineers, already famidsar 
with minor details, _ 


Cincinnati, 1865... 


C. H. 


i 
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PROPOSITION L Fie. 1.4 


%> change the origin of a curve 20 that if shall saa a 
ok mea 


F K 


Suppose the .eurve. AC to have been. Acscribed eontaining 60° c 
curvature, and that the distance G D equal 50 feet. 
_ We have by logarithms: . 
Sine 60° (total aeun® of homie 9:087531 
Is to R.. - 19°000008_ ... 
Soi is G D, 50 “feet, . e e ° « 2m i 1-698970 


es gw 61489 


Or by nat sine = etc ee 18. 


gin. 60° 86603 
Produyee the tangent ae A te B = 57°78 feet ; then make th 


* The diagrams in this work are not drawn to any exact seale, but are o— 
fa represent meee, the abstract geome relation of lines. 


al Sm - 
_—- + - - 7 ne eee em err eee 


—_——— wwe? OVP Weer! eR 
. 


eurve BD equal AC; that is AMC=—BND; then the tangents 
will be parallel. 

This rule will apply to the origin ef a qompound curve, using the. 
total amount of curvature run. 


PROPOSITION IE Fra 2. 


Having a ewrve A B terminating in @ tangent D F, it is required to 
Jind the radius ef a curve that will give @ tangent CG parallel to: 
DF at any given distance therefrom, as at D C say 30 feet. 


lw 


Let AM be the given radius = 1146 feet, the are 4B = 800 
eet, containmg 40°, and D C perpendicular distanee 30 feat. 
By logarithms: - 2 
As versed sine 40° 2 2 2 38. =©69'369133 
IstoR . - « 6 « « 10000000 
So is DC = 80 feet . < ° ~ 4477121 
To M N=differenee of radit given and = ——-——. 
required=128-22 . , .  « 2307988 
‘Then we have 1146 + 128 = 1272 = radius of a 4° 30° eurva 
hen say: 1146 : 1272::800 : 888 = are AC. 
‘This ease is equally applicable to changing the last radine wed 
}a compound curve terminating in » parallel tangent. 


c 
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PROPOSITION IIL. : Fra. 2. 
In ease the preceding method should.consums too:much. of the: tan 
- G, tis peerebaghe change the origin of the curve, fi the length 
- rofrediua, ee: aaa ae may commence opposite to B, 
running parallel to B : 


. 
we ew as, 


ya —") 
A A’ 
In this case the radiating point will be changed from N towards 
A and B, the radius shortened, and the pgint A moved towards K. 
Let the uired distance between tangents, the given radius, 
and curvature be, as in Proposition IL, then we have by logarithins: 
As the extertial secant of 40° . . 9°484879 
Istoradius’§ .°..° » «4. «. 10:000000 


Sois30feett=. 2. 2... 1477121 
To differencé of radii = 98-238 . §. 1:992242 
30 
1 ts = —__—_—. = 98-— 
By natural externa eceants = 98 


And 1146 — 98 = 1048 = radius of a 5° 28’ curve. 

Then, as 1146 : 1048-2 800 : 732 — length of 5° 28’ curve. 
- 98-(natural tangent of 40° 83916) = 82 feet. 

Produce tangent 82 feet from A to K, and curve from thence 732 
‘feet! of a 5° .28'"ourve.. M! A!..will be the new radius. OO! id 
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eeabismeeae sade Fas 8. 


ae a rough ve the acpi of the ste, als. the 
different direction of tangent. ee oe 
eM 


, , H 
» 
1, 


Let the given vadiah MB equal 22.90 feet; the given are BD 
equal 1000 feet, containing 25° ;of eurvature; the given tangents 


DF and DE make an angle of (say) 4°, 'DF being 400 feet, and EF 
= 28 feet. 
eh 


28 oo 
7s Tae 4= angle EDF, consequently the angle 


CLD= 25° + 4° = 29°. 


We have 


By logarithms: : 
As versed sine 29° ‘ ‘ 9098229 
Is to versed sine 25° 8971708 


So is radius given BM = 2292 «=. 8:860227 
To radius required CL = 1714 feet. 328899] 
By tables 1714 feet = radius of 3° 20}' curve. 


PROPOSITION V. Fia 4. 


Having produced the two tangents to their intersection, is requered 


to connect them by a curve passing a given distance from the vertical 
point, 


Given the angle. LC B = 31° 44’, and C E = 50 feet, to find the 


Locarmo Swe Tricks, Erc. 8S 


radius MA. By geometry, the angle AME = 4LCB = 15° 52’. 


By logarithms we have: 
As external secant sh 52'=34LCB _ 8597789 


Isto 50 . . : . .  1:698970 
SoisR. . : ; - 10°000000 
To M A=1262=R. of a e 82} curve 3°101181 
: 50. 50 
By natural external secants ex. soc. 15° Bz = 039608 1262 ft. 
Case 2p. 
To find the tangent AC, or CB; or point, of cyrve. 
By logarithms: 
As R: » + + + 10000000 
Is to AM = 1262 : : ° - 8101181 


So is tangent 15° 52 »' 6 + 9°453668 
To AC = 8888 7 «© «6 « 2°554849 


By natural tangents: 
1262 x (natural tangent 15° 52’ = °26546) = 388 feet 
=CA=CB, 


OW FOQORMULS FUR LUNALE .2400—, 


' PROPOSITION VL Fie & -. ~ = 
Having located o a curve connecting two tangents, it is ‘required to move 


the middle of the curve any given distance, either towards or from 
the vertex. 


Let the angle TLG = 36° = whole amount of curvature; the| 


arc A B C-= 1200 feet; the radius A N = CN.= 1910 feat, and IB 
= BF = 10 feet. : 


It is required to find the radii H M and EO. 
We have by logarithms: 
External secant 18° = half of 86° = ANL 8°737153 


Istolo . ee ee 1000000 
SoisR. . ‘ 4 7 ee aL . a baae 
To difference of radii = = 188 feet . “2262867 


10, 
es ee Re 
By natural external secahts : “064506: 183 
1910 + 183 = 2008 = M H- = radius of a 2° 44’ curve; 
and 1910— 183 = 1727 = =OE= radius of a 3° 19' curve. 
By natural tangents: 
188 x (natural tangent 18° = 82499) = 59°4 = HA= AR 
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PROPOSITION VIL Fie.6. 
It is required to locate q tangent from an tnaccessible point on— 
curve. 

Let ABC be the given curve with a R. of 1687 feet curving 8° 3 
per 100 feet; C the inaccessible point. Assume a point B, if cor 
venient, at a given distance, say 300 feet, from C. Throw off 
tangent, and. measure, at right angles therefrom, B E = externa 


o G bd ‘ -“ 
secant of arc BC; then to find by togarithma the distance B E, we 
have: , . : 
As radius - «© «©  « © «6 +» 10000000 
Is toOC 31637, F é ; ‘ 8°214122 
So is external secant 10° 80’ =angle COB .  8:281221 
To BE = 27°88 i. : : : : - 1:445348 
By natural external secants: 
1687 x (nat ex. see. 10° 80’ = 017080) = 27°88. 
‘Measure the line B KE = 27°88 feet at right angles to BH. Sei 
the instrument over EF, and turn off the angle BEC = 79° 30'= 
complement of 10° 30’. KC F will be the direction of the tangen' 
required. 


‘ 


Case 2p, 
Suppose there be no convenient accessible point between A anc 
C, produce the curve to D, measure the external secant DF a: 


before, place the instrument at F, and turn off the angle DFC 
This will give the direction of the tangent FC as before. 


Case 8p. 
Should the lines AI and IC be.more practicable for operating 
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than the curve AB C, calculate and ‘produce the tangent from A to 
I, the vertex of the curve ABO, and turn off the angle KL F= 
AOC, and make I C= AI, as calculated: . 


Case 4TH, 

Again, should the last’ method be found impracticable, and the 
chord AD clear from obstructions, measure the chord AD, and 
turn off tangent from D. 

Suppose angle K A D = 25°, then we have 1681 * (hat. sine 25° 


== °42262) 2 = AD= 1884 feet. 
eee ee ee 


~~PROPOSITION VIIL Fig. 7. 
It is required to find a curve which will connect two lines without pro- 
ducing tha tangents to an cla aa et “ 


ewe co 


8 ete eee oem eetmatigaerinret 8 tw 


4 


The principle involved in this d effords an easy mode of solving a very eacesdae 
Evel: Meaereuianns Suppose for taking vertical anges es the depreeston or" aip 
of the hosisos K © H- then e chee ata sy pare gt arene eli g 


height of mountain. = BOA; radi 4 
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Let the line be either a curve L A, H A, or a tangent D A, as the 
‘| case may be. Suppose it impracticable, by reason of buildings or 

other obstructions, to produce the tangent to-a vertex z, 

At A lay off with the instrument a right angle to tangent, and 
produce it till it meets FB produced in E. Measure this distance, 
and the angle AEB; then its complement AOB will be the 
amount of curvature required to curve on to the tangent B F. 

Suppose the angle A E B = 65°, then AO B= 25°. Let AE be 
= 120 feet, then we have by sogarithms: 


As external secant 25° ‘ ‘ - 0014427 
Is to 120 feet ee ° « .¢ 2079181 
So is R. . ese ath ° ; - 10°000000 


To OB = 1360°8 = 04° 6} curve .. 3°064754 
And 1160°8 x (tangent 25° = 46631) = EB = 541°28 feet. 


Then will be 25° of curvature ++ 4° 56}’ = the rate of curvature, 
give the length of curve between the two given points A and B = 
506-2 feet, ei eee OR A 


_- -PROPOSITION IX. Fic. 8 
. To draw a tangent to two curves already located. 


Let the curve CRAGH, of 2000 feet radius, be located from 
tangent CK; and-let ESBD be a curve of 2605 feet radius, 
located from tangent EF. We are required to find the points A 
and B having a tangent common to both. . 

Suppose R to be the point in the first curve, and S the point in 
the second. There being obstructions in the way, we will run the 


xigzag line RLPS, making RL tangent ta R, and PS tange:t 
to 8. ~ 4 


at RLQ= 20° : . 
an TPS= 15°; 
let RL = 1100 feet, L P = 1800, and PS = 1400. 

Assume radius NR as a meridian; that is, suppose NR to be 
due north, Then will RL be due west, LP south 70° west, PS 
south 85° west, and radius SM north 6° west These artificial 
courses, then, will show the relative bearinga, with which we‘obtain 
the following traverse: 


| : 

Course. Distance. {| Northing. Southing. Easting. Westing. 
North..}| 2000 | 2000 / 0000 | 0000 | 0000 
West .. 1100 0000 | 0000 0000 1100 
S. 70° W. 1800 0000 444°68 0000 1221°60 
8. 85° W. 1400 0000 122°02 0000 1394°66 


N. 5° W. |. 2605 -| 2695:07|. 0000° | 0000 . 227-05 


eS TTS || ED | ATS 


459507 566°65 | 0000 8943°31 
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then 20423! 8943°31 


Difference northing and southing (S060t =~ §66°65) = 4028°42; 
402843, = == 97882 = natural tangent RB N G@ = 44° 23' = course 


yo 


| 
| 
| 


of NM=N, 44° 28’ west, and _ angle SsuD ay 28, or 44° 
23’ —= 8° e 
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To calculate MN make the difference of latitude 4028-42 = cosine 
44° 23’, and the required distance NM = radius. Then we have 
402842 = 4028-42. 


cosine 44°23" ~ Jl4gg — 96867 = MN. 


by natural cosines 


Or by logarithms: 
As cosine R N M = 44° 98’ , ; - 9°854109 


Is to R. , F ‘ ‘ - 10°000000 
So is difference of latitude 402842 . 8605134 
To N M = 3686°7. . . 8°751025 


The triangles ANI and BMI being similar, we have by loga- 
rithms (Davies’ Legendré, book I, prop. X)—that is, by “ compo- 
sition and division :” ; 

As N M = 56367 ‘ ° . . - 8°751025 
IstoR. . . , ' - % - 10°000000 

- ~ So is sum of radit- 4606 = (2000+ 2605) . 3-668280 
To cosine ANI=BMI=85°18' , - 9'912205 ; 

Having now determined the angle RNI = 44° 28’, and the 
angle A N I = 36° 13’, the angle RN A becomes = to their differ- 
ence = 9° 10’. 

Therefore continue the curve from R toavards A, 9° 10’ of curva- 
ture, and we have the tangent point A required, Again, we have 
S MI = 89° 23’, and the angle BMI = 35° 18’, consequently curve 
from S to B 4° 10' of curvature, and we have the tangent point B 
required. 

Now to find the length of tangent AB, multiply the sum of the 
radii 4605 by the natural tangent of 35° 13’, and we have the 
length required. , , 


| Casz 2p. Fig. 9. 


Fig. a 
oe we 
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eupeees the two curves to be connected by a common tangent, 
nstead of running in opposite directions as in Case lst, curve the 
iane way, as GHS and CDEL. It is required to find the 
rosition of the tangent 8 D. 

Assume the points H and E; from H lay off tangent HI; from 
E lay off tangent EF; join F and I by a straight line, if convenient, 
or by a traverse, if there be obstructions. Let A H be an artificial 
neridian, and, as in Case Ist, calculate the distance AB, alzo its 
course = angle HAG; this will give also the angle EB A. | 

Suppose radius A H = 1482°5, tangent HI = 500 feet, angle 
MIF = 6°, IF = 1000 feet, NF T = 8°, EF = 600 feet, and radius 
E B = 2865 feet. We will then have the following traverse, by 
which to find the course and distance of AB; 


Course. Distance. Northing. Southing. Easting. Westing. 
North . . 1482°5 | 1482°50 
East... 500 500 
S. 84° E..] 1000 104°50 984°60 
8. 76° E.| — 600 145°20 §82°20 
S. 14° W. 2865 2780-07 “| 692-73 


SESS | ss CEE. | EE Ggqumeiiees - | Qe Ceo 


Total | 1482°50 | 8029-77 | 206680; 692-72 


Difference of latitude = 1597-27; departure = 1874-08. 

Departure 1374-08 

~ diff. lat. *:1597-27 
course A B = angle H A G. 

Diff. lat. _- «1597-27 = __«1897-27 


= =. = 210686 = distance 
cosine course 


AB 
Then diff. radii 1482°50 
AB — 2106°86 
DBA=SAG. 

Now 47° 10'—40° 42’ = 6° 28' = HAS. Then curve from H 
6° 28’ = 162 feet nearly toS. Now AB makes with BE an angle 
of 40° 42’ + 8° + #° = 54°42’ Hence we must curve frem E to D 
54° 42' 47° 10' = 7° 82' curvature = 877 feet distance. The 
points S and D will be the termini of the required tangent. 

Then difference of radii x natural tangent (D B E = 47° 10’)= 
1432°5 x 107864 = 154515 = AK = 3b = length of tangent.’ 
Now when the two curves are so situated as to be seen the one} 
from the other, assume two points as near as you can judge to the} 
true termini of common tangent. Cause about a dozen emall| 

t 


= $6026 = natural tangent 40° 42’ = 


= 67992 = natural cosine 47° 10'= 


ep pgs, 
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straight stakes or pins to be set up endway about twenty feet 
apart from one of the assumed pointe or curves. Then set the 
instrument at the other, and see how tangent from instrument 
strikes the row of stakes. Note the difference, and move the instru- 
ment until tangent therefrom strikes as tangent to the row ol 
stakes, Make a point where it does. Set the instrument over said 
point, and in like manner see how tangent from instrument strikes 
the other curve, Thus we dispense with all the previous calcula. 
tion, 


PROPOSITION X. Fic. 10. 


Havizg located two curves connected by a tangent, as in Case 2d, Prop. 
IX., tt is required to throw.out the tangent, and introduce insteaa 
a curve with given radtus. 
Let the radius AS = 1482°5 feet, BD = 1687 feet, and their 
common tangent S D = 220 feet. It is required to find on the twc 


curves two tangent points, X and Y, from which, if the required 

radius (say 2865 feet) be drawn, it will pass through the points A 

and B, intersecting in the centre P, equi-distant from X and Y. 
Now in the triangle BAK we have given, difference of radii 
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C= 1687 — 1482°5 = 204°5; also, AK —=8 D = 2290, to find the 
rle K AB, its complement K B A = 8 A G,*® and the distance AB. 


en = = ae = 92954 — natural tangent of 42° 54)’ = K ae 


erefore its complement K BA zSAG = 47° 6)’. Now BK x | 
ant KB A = 204°5 x 1468801 = $U0'3T = AB; call it 300 
t. Again, in the triangle BAP we have AB = 300, AP= 
15 — 1482°5 = 1432°6, B P = 2865 — 1637 = 1228. To find the 
rles ABP, BPA, and BAP, make A P = 1432°5 feet the base, 
1 let Q be the foot of the perpendicular from B. Then by trigo- 
netry we have: 

AP: BP+BA: BP—BA: PQ—QA, or 
482°5 : 1228 + 300 :: 1228 — 300: 989°3 = PQ—QA. Then 
32°5 + 969°8 1432°5 — 989°8 


; = PQ = 1211-16, and———-—-"" — Qa = 22186, 
AQ 22135 . rrene 
then = 500 = “78788 = nat. cos. of B A P = 42° 27’, 


} 


— 98628 = nat. cos. of BP A = 9° 30. 


~N 


Sean E@ a 2t10 
ga, Pa ~ 1228 


Now YBP being a straight line, the angle Y BA == 42° 27' + 
30’ = 61° 57’ and X AP being a straight line, the angle X AG = 
AP = 42° 27’. Now the angle SAG being 47° 54’ the angle 
1X will equal 47° 54’ —42° 27’ = 4° 38}’, and Y BD = 51° 57’ 
47° 54 = 4° Bly. 

We therefore move back from S 4° $83’ of curvature, or 116 feet 
X; also from D 4° 514’ of curvature, or 189 feet to Y; we then 
ve the points X and Y, which are to be connected with a 2° 
rve of 2865 feet radius. 


PROPOSITION XL Fic. 11.. 


wing located a compound curve terminating in a given tangent, ti ts 
required to change the p. ¢. @, also the length of the last rauius, 0 as 
to pass through the same terminating point with a given difference 
in the direction of the tangent. 


Let the given curve H A be a 2° of 2865 feet radius compounded; 
AB, a 2° 80' curve 2292 feet radius, 800 feet in length, and con-! 
ning 20° of curv.ture ; it is required to move the p. ¢. c. forward! 
m A towards B, curving therefrom with a shorter radius than 
92 feet, passing through the fixed point B on to tangent with 
30’ additional curvature. - 

The following method, though not perfectly accurate, will be 


Beeause the three angles in the triangle K AB =180°. Also. the sum of the 

cles on one side the line BG = 180°. Subtracting from 180° the angle 4 snd the 
‘ht angle at K, we have left the angle at B. Subtracting from 180° the angle 
as before) and the right angle § A K, we have the angle 8A G; hence the angle 
BA=theangleS AG. . 
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found sufficiently so for most practical purposes. Had the 2¢ 
curve H A been continued 800 feet farther, to a point C, the varia 
tion BC would be equal 28 feet.* Now by compounding to ¢ 
2° 30’ curve I turn off with the instrument for the chord AB 2 


AP 


20° — 16 


more than I would for the chord AC; for 5 = 2°; but if 


the instrument set at the required point P, with a backsight on A, 
20° + 2° 80’ 
2 


instrumental deflection over and above that required for a com 
tinuous 2° curve to C; the curve P B will therefore be shorter than 
AB in the ratio of 8° 15’ to 2°; hence the proportion: 
8} : 2::800 : 492 = length of curve P B. 
AP then will equal 800 — 492 = 308 feet of 2° curve; but 308 
feet of a 2° curve gives 6° 10’ of curvature; hence PB contains 
22° 30'’— 6° 10’ = 16° 20’ of curvature in 492 feet distance; then 


bee ~ = $°8198° = 8°19’, or 1728 feet radius for the 


and a foresight on B, I turn off = 11° 15, that is 3° 15' 


we have 


curve PB. It will be sufficiently accurate, however, te continue 

the ‘2° curve $10 feet to P, and then run 490 feet of a 8° 20’ curve. 
Were H A a tangent by making A P the same length and rate of 

curvature as above, the curve P 3 would be the same also. 


#3 x 1,75 x § = 28, 
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.. PROPOSITION XIL 


Having located a compound curve terminating in a tangent, tt 
required to change the point of compound curvature so that the 
curve will terininate in a tangent parallel to a given tangent at any 
required distance perpendicular thereto, 

Rute. Divide the required distance between parallel tangents by 
the difference of radii of the two last branches of curve. From the 
cosine of total amount of curvature in last branch subtract this 
quotient; the remainder will be the natural cosine of amount of 
curvature required for last radius. ° 

Given a curve 600 feet long, 2865 feet radius, compounded with a: 
curve of 1910 feet radius 400 feet long, then tangent; required to 
fix point of compounding, to give parallel tangent 80 feet outside! 
or inside of tangent given : | 


80 
—— = 4l 
956 031 
400 feet curvature = 12° cosine 12° = 97815 
less 03141 
cosine of curvature required 18° 47’ — "94674 


18° 47’ — 12° = 6° 47’ curvature to be used in moving p. c. ¢. back 
to throw a tangent 380 feet inside. 

If we move tangent inside 6° 47’ -+ 2° = 889 feet. Length of 2° 
curve = 600 — 33) = 261. Length of 8° curve = 400 + 226 = 626 ft. 

The entire length of curve by alteration becomes 261 + 626 = 887 
instead of 1000 feet as before, admitting of more tangent at the end. 

This last rule is applicable whén the movement of the p. e. ¢. is 
retrograde or from the terminating tangent, thereby increasing the 
amount of curvature in last curve, and diminishing that of the pre- 
ceding curve. 

When it is required to move the point c. c. forward, diminishing 
the amount of curvature in last curve, add the quotient of the required 
distance divided by difference of radii, to the cosine of given amount 
of curvature ; and the sum will be the cosine of the amount of curva- 
ture required in the last curve. Find the distance as before, and 
move the point forward-the. difference of cnrvatnre,: always reckon- 
ing said difference according to the rate of curvature dack of p.-¢. ¢. 


PROPOSITION XII. Fra 12, . 


Having located a curve between two tangent points, it ts proposed to 
lengthen the radii at the two termini, and shorten the radius in the 
middle. 


Let the proposed curve be one of 1146 feat radius =,5", 800 feet 
in length, and containing 40° of curvature. It is proposed to.intro- 
duce at each end 100 feet: of a 2° 80’ curve = 2292 feet radius, |. 
Required the other radius. 

From the t. p. to the centre is 400 feet, or 20° of curvature. 
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Introducing 100 feet of a 2° 80' 2292 feet R., there will be 2° 30 
of 2292 feet radius + 17° 30’ of a shorter radius 


By logarithms: 
As.sine 17° 30’ oe «© «© 9478149 
Is to 2° 30’, 8639680 


Bo is diff, radii =: 1146 feet = OM. ;, BO59LBS . 
' To difference between given radius —_—_- 
and required = 167=QL. . 2220728 


Vv 


Given radius being 1146, radius required will. ie =e = 
979 = LC =a §° 51’ curve, | 


| | | | 
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PROPOSITION XIV. Leuma. Fie. 18. 
To divide a given angle into two parts, so that the tangents of the 
angles will be in a given ratto. 

Let the required ratio be as three to five, and the given angle 
ADC= 80°; let the straight line ABC be=8. Make AC a 
chord of 60°, or twice 30°. Describe the circle ACD passing 

| D 


Kig.13. 


through A and C. At B, a distance of three from A, erect the per 
pendicular BD, produce it to L, then ADB and BDC will be the 
angles required. For BD is‘common to two right angled triangles, 
and hence the tangents of the vertical angles are as AB to BC. 

To calculate the required vertical angles let AD B= az, BDC=! 
y, then AEL = 2a, and LEC = 2y=central angle. Then AEC 
= 2(4 + y) = 60°. : 

Erect a perpendicular from E upon H, then will AE H = H EC 
=xz+y. Then LEM (H being produced to M) equals z + y— 
22=y—a; thn EL=EC=R,and LM=BH. Then 


HC:(LM= BH) :: sine (z-++ y) : sine (y — 2). 


ne wa a2 as ee enna 


y 
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But HC is half of AC, and BH is half BC — AB, therefore 
(BC + AB): (BC—AB) :: sine(z + y): sine (y—z), that is, as 
the sum of the numbers expressing the ratio is to difference, so is 
sine of the given angle to sine of the difference required. 

By logarithms; oar 

As8+5=8. . . . . 0°903090 

Is to § eee 3 = 2 e e , e e 0:301080 
Soissine 30° .- .° YS 9898970 

To sine y-—2=17°10'88" . . |9°096910 

y + 2 = 30°, y—a = 7°10’ 88°, 

therefore 24 = 37° 10' 88", y =: 18°85’ 19", z = 11°24’ 41". 


PROPOSITION XV. Fia. 14, 


Front two fixed points, having produced tangents uniting in a vertex 
at unequal distances from them, tt ta required to locate @ compound 
curve. 


Suppose the tangents produced to Bz and let A B= 505°7 feet, 


Mig. 4. 
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EB = 6206 feet, the angle FE A = 40°. -Required the radii of a 
8. c. to join A and B, and also the point of compound curvature. 
We observe the external seeant EC is common to both curves 
Now by construction of the tables we have ; external secant a = 
tangent a x tangent $a, radius being unity. The angles EBC 
and EAC are measured by half their arcs C B and C A. 
Call these angles z and y respectively. Then xz + y= < = 


20°; then 620°6 X tangent y = 5057 x tangent 2, or 620°6 : 505-7 

= tangent y : tangent x Then by previous proposition 

6206 + 505-7 : 420°6 — 505-7 :: sine (x + y == 20°) : sine (c—y) 
or, 1126°3 ; 114°9 :: sine 20° : y— az. 

Neither of the radii being given, we will assume the condition, 
that the p. c. C shall be in line with the vertex E and the centres O 
and D. We have by logarithms: 

As11268 . . « «6 + ~— «(8051654 
Istoll49. . . . « «© 2060820 
Soissine20° . . «© « «© 9°584052 
To sine = 2° ~ 6  «  « 8542718 

Nowz + y= 20. Thenz= 9° + 2° =11°% consequently COB 
= 18°, and ADC=22°. Now we have the length of tangent and 
curvature given, to find the radius, 

By logarithms: 

Astangent 18° .  .« «© . « 911776 
Is to 6206 . . er ° - 2°792812 
So 18 R. e e e e e e 10000000 
ToOB=1910 feet . . . . 8281086 
To find AD: 
As tangent 22° ° ° "e e « 9606410 
Is to 505°7 . ° ° ° ° . 2°703895 
SomR. : ° ° . - 10°000000 
_ To AD = 12516 = 4° 84’ . - « 8097485 
1910 (external secant 18° = -051462)==1251°6 x (external secant 
22° = 078535) = C E = 98:2 feet. 


; 


PROPOSITION XVI Fie. 15. 


Let B be a point in a curve whose radius B F is given, and let D be, 
another fixed tangent point. It is required to find point of ¢. ¢., the 
curve A B being pr d, from which to start a curve to terminate 
in tangent at D, also the radius of last curve. 


Given the angles MDB, MBD), distance BD, and radius BF. | 
Imagine the simple curve BC L to be run with a given radius BF; 
till LN becomes parallel toD M. Now by the nature of a curve, 
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upon whatever point on the curve the transit be placed, the differ 
ence between backsight on B and foresight on I, is always th 


+D 
2 
the difference between backsight on B and foresight on D is aleo 


same, namely, _ 


Now at the trne point of ¢ curvature C, 


equal to +2, therefore the transit reading the same on D as on 
L, CLD must be in the same straight line. 

Hence whenever the nature of the ground will admit of it, erect 
a flagstaff at D, curve round from B towards L until taking a back- 
sight the foresigh. necessary to fall. upon L should strike the flagstaff 
at D. The transit will then be at the point of c. curvature sought. 

Then measure C D, and make this proportion : sine H C L*: + C D 
3: R:2z=OD. : 

Suppose H CL = 8°, and the distance C D = 600 feet. Then by 
substituting in the above proportion, we have by logarithms: 


Assine8°=HCL . ‘5 ‘ . 9148555 
-Isto¥}CD=3800 . . |. «| 2477121 
So is R. : ; ‘ ‘ : . 10°000000 
Torx=OD = 28556 . : ‘ . 8°333566 


* Because HOL =} COD. 
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When the ground will not admit of this method, ascertain by 

measurement or calculation the distance from B to D. . 


—fe - 
2(BF) x2 =BL Now angle LBD = sad The tri- 


angle will then have the two sides BD and BL, and the ineluded 


angle B, to find the angle LDB = CD B+ 
Now in the triangle B C D we have the angle BC D = to the sup- 


ad also the angle at D, eonsequently the angle at B. 


plement of Be 


These angles, together with base BD, determine the chord CD; 
from which, with the angle HCL, calculate R as before. HCL 
becomes known from the fact, that CBD gives CB M= GCB, 


CBM being B—CBD. This taken from 
angle H CL required. 
‘PROPOSITION XVII. Fa. 16. 


Between two tangents to locate a curve pessing through a given point. 
Suppose A B and C D to be the tangents permanently fixed with 
Ne 


E will give the 


~ 


. @. . 
* Because N BL (isosceles) = } exterior ungles at N and M = pte B being = 
B+D_B—D =LBD 


NBD, andB—~,— 


tLDB=(OLB=~ +2.) —LBD whieh will make all the angles known 
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reference to some agreement between individuals; and let F be the 
given point at which it is necessary to keep a given distance from 
geome building or other object. Suppose A B and (CD produced to 
meet in E. ‘I'he angle O ED, and consequently its half EBD, are 
known. The distance I E is also known. er tee: 
Let the angle O ED = 60°, Jet I F = 17°5 feet. It ia ‘required to 
find the point B, so that the angle F B I shalt = 30°. 
By natural sines: 
17°5 
-——__- = 35 = FB=ED. 
eine 80° . . 
Now (85 + 17-5) x (36 — 176)" = 7525 x PRS = 803 = IB. 
Suppoee IE measures,462 feet. Then BE will equal 462 + 80°3 
= 492°3. 
By similar triangles ¥ B : BE :: BI : BK, or 
35 : 492°3 :: 3038 :4262=BK=DK. . 
Then B D = 8§2°4 and BH = 852°4 — 35 = 817°4. ) 
Now we mare by: ceasietry YBH x BF=BA, or 8173 x 35 
= 1691 = ae ee 
Hence AB + BE = AE, or 169°1 + 492°3 = 661°4. 
To find radius : _ 


_ AE 661-4 ee eet 
‘tangent 50° oo77e6 = SOS = B 


Now suppose it is inexpedient to produce the soy ele toa vertex, 
the one OED being known, find.the point B as before, and turn 
off EB D=30ED, measure B D,.and calculate by trigonometry 
the side ED'es B-E,'and algo BA as befura . .., 

Again, suppage the, angle at E js vot known, neither is it prac- 
ticable to measure a direct lihe between the two tangents, calculate 
by traverse the true course and_ distance between any two con- 
venient points on the tangents by Proposition IX., from which 
calculate the positionofkK = 

Without: ascertaining the ‘distance to E, the radius ‘A G-can be 
calculated thus.: pe eens 
AF. 200? 


. ’ _ 40000 
sir 4 or tet AF = 200, then 175 x2 “gp 7 1146 = AG. 


Therefore commence at A, and run 800 feet of a 5° curve to C. 


_ .PROPOSITION X¥ilL Fia 17. 


Given the length of a dommon tangent D G =a, and the angles of 
intersection n and m, to determine the common radius CE = CF 
= radius of a reversed curve to unite the tangents H D and B L. 

Now DC =B8 x tangent $n, and a 
CG=R x tangent 4m; we have therefore 
——DG tangent = 800 ft., n = 16° and m t& 12°. 


* The sum of two quantities multiplied by their difference is'equal to the dif- 
ference of their squares. 5 


ga a 7 ED CLOT 
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4 ___ 0 __ 80 
~~ tan.$+tan.¢m tan. 8°-+-tan. 6° -14054 +4 °10510 
$2567 x ‘14054 = DC=DA = 457°69 
$256°7 x 10510 = CG = GB = 842-27 
- 799-96 
Suppose it to be required ‘to introduce 200 feet of tangent 
between the curves, that portion of the tangent DG taken by the 
two curves will be 600 feet. Then we have: 
800 ; 6003382567 : 2442-5 radius: 
800 : 6003: 437°69 : 343°27) 
800 : 600:: 842'27 : 256-70 mh laa Saas 
50997 = 


= 325677 


ee | 
ON REVERSED CURVES, TURNOUTS, ETC. Ne. 18. 


A F = 98 feet, A D = 102 feet, and D E = 102 feet. 
Let G. = gauge of track, and R = radius of turnout, z = distance} 


Locatixne Siok Traoxs, Ero, $91 


on ehord from A, the origin of curve, to F, the point of frog; ther 
will 


2= V2R.G. 

Now suppose R = 800 feet, and G = 6 feet, then will 

z= V2 x 800 x 6 = 19600 = 98 feet nearly. 

Or let z= distance on main track to a point opposite of the 
frog. Then will | 

z= ¥G(2R—G) or ¥6(3 x 800)—6) = ¥6 x 1594 = 
79564 = 97°79 feet. 

Hence the following rule is sufficiently correct for all practical 
purposes; 

Multiply twice the radius by the gauge of track, extract the square root 
of the product, and we have the distance from origin of curve to 
point of frog. ; 

Fortaula fer angle of frog: G +- R = versed sine of curvature to 
frog = angle of frog. Ex. sy" = 0075 = 7° 2. 

Make the movable end of the switch rail such a distance from 
the origin of the curve, that the departare of a ourve of that radius 
for that distance will be equal to the opening of that rail at the 
movable end, say 5} inches. °' i 

With an 800 feet: radius, the distance from: origin of curve to 

‘ ; er us 27x27) 11 

opening of switch rail will be = 27 feet, for 100° ut 54 

inches nearly. 

It will appear therefore that the opening of a 20 feet rail, with 
an 800 feet radius curve commencing at the other end, will be only 
20 x 20 

1600 

If we consider the movable rail as a movable tangent, and the 
origin of the curve as the opening of the rail, the angle of frog end 
length of curve will be obtained by Proposition XIL 


A 20 feet yail, with 54 inches opening, makes an angle with the 
main track «= 1° 18’, then on 6 feet gage the distance from opening 
to’other side == 5 feet 64 inches = 5°54 feet. Thén by Proposition 
XIL we have: 


8 inches, for 


== 8 inches, - 


cosine 1° 8’ —='-99074 | 


554 CO 
800 ee 


99282 == cosine 6° 52’ 
== ungile of frog. 
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And 6°52! 4 £%18' wsi5? 34‘ = amoiot.af curvature hebwan .open- 
| ing of rail and point of frog. eo 
By the first method, When the distance between tracks == 13 
feet we have 13 & 806 == 102 feet nearly for dittance from origin 
_of curve to point of reyersion. oe are 
. But if the point of reversion be made at the bets of frog, the 
distance between nearest rails of tracks being 'T feet, we have 6: 7 
2 800: 983'3 radius of curve with which to leave frog, ‘and 
6; T t:-98-1 114°de=s distance from frog‘to.end.of turnogt.' =: +. 
Or making the moveable rail tangent, apd its opening 5} inches, 
angle of opening bejng 1° 18’, the point of reversion. being made at 
frog, to ‘find the angle of frog, we have: = = °° ' 7 °°” 
_ Coaine 4° 18! ms 99974. . 
i BO Se ER re 
 & 999M be cositie 6°:55’ nearby the saine'ss before. 
oe ae oe a eg, “ya : Maes 
| TYRNOUTS ON CURVES. Fia 19. 

Suppose the turnoyt is on a curve running in the same direction, 
say 22°, with @ radius of 2865 feet.. Now an 800 feet radius gives 
a 7° 10' curve, and 7° 10’ — 2° == 5° 10' == relative departure from 
main teeck, But.the rading of a5: 1p 1109 feet; then, . 

V2 x°1109 x Gm # = 115°3 — distance from origin of curve to 
aaa a cat nae : - “point: of frog: -” tek de aw ee 

Therefore to make a turnout from a 2° curve and running the 
mame way would requira 115 fee. : 
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If it were required to keep the distance the same as on a straight 
line, it would be necessary to make the 7° 10’ curve a 9° 10’ 
curve of 625 feet radius. 

If the 2° curve run in the opposite direction of the turnout, and 
the radius was 800 feet, then the convergence will be 7° 10’ + 2° 
= 9° 10’ curve, and the radius of a 9° 10’ curve being 625 feet, we 

ave: , 


z= V2 x 625 x 6= 7500 = 866 — distance from origin 
of curve to point: of frog. 
When the main\tyack is a curve, and id is required to get on to « side 
track running parallel thereto. : 


Note—In treating of turaouts. When the main and side track are curves, the movable 
rail is considered a part of tha curve used for tumout, according to method ist. 


Let E M be the main aan on a curve of 2865 feet radius. It is 
proposed with a turnout from E, with a curve of 800 feet radius, to 
fall upon the side track BN, distant 13 feet from the main track, 
and running parallel thereto.. Now 2865 feet radius denotes a 2° 
curve, and 800 feet radius is a 4° 10’ curve. Therefore the diver- 
gence of the curve E F from the curve E M is equal to (7° 10’ — 2°) 
== 5° 10’ curve; and the radius of a 5° 10’ curve being 1109 feet, 
the divergence of the curve EF from the curve E M is equal to that 
of a curve of 1109 feet, radius. ; 

By similar reasoning, the convergence of the curve FB towards 
being parallel with EM is 9° 10’ per hundred feet, which may be 
expressed by a radius of 625 feet from tangent. Then we have 
1109 + 625 = 1734 : 1109 :: 13 : 8°31 = distance of point of rever- 


sion from main track. Now since x= “2R.G, we have by 
substituting WV x 1109 x 881 = 186°7 = distance from origin of 
curve to point of reversion, radius used being 800 feet. The radius 
of relative curvature being expressed in the formula, we have the 
proportion 1109 : 625 :: 185-7: 76°56 distance from reversion to 
2d track. sin’ 
Suppose it be required to put the side track on the opposite side, 
then we have 1734 : 625 :: 18: 4°68 = distance of point of rever. 


sion from side track. Then we have the formula V2 x 625 x 4°68 
= 76°48 distance from origin of curve to point of reversion. Then 
625: 1109 :: 76:48 : 185°7 = distance from point of reversion tc 
eide track. —— 


te 


ON RUNNING CURVES BY OFFSETS, OR WITHOUT THE 
USE OF AN INSTRUMENT FOR MEASURING ANGLES. 
Fie. 20. 


From a tangent EA let it be required to run a curve ABCD, 
having for its radius OC. To do this we have only to find HC 
and its half MC = GB. 


84* 
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Suppose the chords A B, BC, CD are equal in length, being 100 
et each, The chords, and consequently the arcs, being equal, the 
igle HB C is twice the angleG AB. But GAB is measured by. 
‘ff the are A B = BC, consequently the angle HBC is meuned 
y the whole are BC. But the angle BOC is also measured b 
ie are BC, consequently the angles HBC: and BOC are equa 
ow triangle B O C is isosceles, and B.H being equal to BO triangle 
.BC is isosceles also; conséquently the, two trianglds are similar, 
1d we have the proportion: 7 mo ie ees se 


HC: BC:: BC: BO, consequently HO = aie or HOe: 
10000 | : 
R o.. 


' | : ° 2 ‘ | 
Therefore MC =GB= ae hence the following rule; 
The square of the uniform length tf chord divided by radius will 
ve the linear deflection from chord produced to curve, or half of 
is will give the deflection from tangent produced to curve. 


EXaMPLes. 


Suppose A O = 2800 feet, then’ os HC = 4 feet, and GB 


: 2 feet. 
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|’ Suppose AO = 2865 feet, the radius of a 2° sutve, then we have 


1 40000 , 
H C= rT = 3-49 or 3°5 feet nearly; and G B=} of 3-°5=1-75. 
| Since the angle GAB = 1° the défleetion for 1° per hundred 


: "y “ 
Het is 1-75, or O° 1 = AES 5m ad a ta fr one fot = 


> 


| 029, as by table of mats sina Ss 
“-" Gaee 2d. 


we tun the curve around to a pint which, wwe will call 
atatien 1@, or-100Q feet frem beginning. point Q, which is leas 
than 100 Set distant from station 10, say 5Q feet, being at station 
10 + 56. 
Suppose this a 2° evtrve compounded at statiea 10 -} 50 to a 3° 
jeufwe of 1910 feet radius. Now the instrument eetting on station 
110 with a backeight en station 9, the ingtrumental deflectien to 10 
1 -$ 50, 150 deet, will be 1°30’. Now 1° per 100 feet ie 1-74, 
that of 1° 30' will be 262 fect, But last chond being but 50 
feet, or half of a hundred, the np will be half of 262—= 131; 
1 hence we have the following rule 
)  Maltiply together 7 the nigeeryee in degrees sess res a 
defleation betwrees in he one 
the last chord and 1:75, aud enue ute me, ed, the from chond 
eosecet Seat =. | 


are 


‘Case 3d. 


1 Suppose the eurve from 10 -+ 50 to station 11 is a 3° curve of 

2940 ‘foot radius. New the deflection from chord to tangent, from 
station 10 to station 10 + 50, is 0° 30’, and are deflection from 
j tengent to chard between 10 +. 50 and 11 is 0° 45, therefore the 
entire deflection = 30' 4+ 45° = 1° 15’. Now 1° re in a hundred 
= 41735 x i= 2°12, and fer 50 feet will be = 1799 feet.. 

Find station 12 by Case 2d, thus 23° (= instrumental deflection 
fer 150 feet) x 1415 = 393 = deflection from chord _ produced to 
statson i2dnetrce — 

Continue the eurve around as at first, Sesarioe! to measure from 
eurve te tangent the same deflection as from tangent to curve, or 
half the uoual chord defléction ;. the tangent point being supposed 
@ full station. Lfnot'a full station, ascertein the fangént point by 
| Case 2d,'and fhe next full station on tangent by Case 3d. 


Having peoduced two tangents to an interseetion at C, it 18 required to 
| connect Han with acurne of given length. ¥Fia. 21 
When the angle made by tangents is not greater than 15° the 


distance from: vertex to the two ends of the curve will nat differ 
materially from half the length of the curve. 


@ 


Suppose the tangent DC produced 106 feet to E, measure C X = 
t00 feet, measure KX. Now suppose it is 21 feet 

Now the daflection of 1° for. 100 fort ia 1-76, and 7 = 12° eur-| 
vature. 

Suppose it is required to divide the curve tmto 6 stations. Then 
— = 36, the deflection for 2° i 100feet. Hescoit io w 2° curva 


Or 12° divided by 6 stations gives » 2° ewrve alsa The deflee-' 
tion being = 1°75 from tangent to curve. 


Between two fixed points to supply the intermediate points by ordinates 
from the chord. Via, 22. 


hige2. 


4 
By what has been previously demonstrated, the middle ordinate 


4 to 4 will be expressed by — 


. AtSthe deffeetion from tas 


Leoatine Stoe Tracaa Evo. 40! 


1 


gent om each sway fotrn Sta cerns ne : ah 2 it is de 
2B . 2B 
| Tiemae the ordinate 4 te 4= aE Or 28 being & common 


denominator, its relative value may be expressed by 4x 4° At 
points 3 and 5 om chord the distance will be (4 x 4)-——(1 x 1) = 
3 «Baad. At 6. and 2—{4 x 4J~-(2.x. Aw2x% b=12 At 
GYandl=—(4 x 4)—(3 x 3)= 1 x Miele. 
The ordinates ate as follows: Bieta Sf gol 
ix JW 
32x6=12 
Bx Sais 
Then rosheerts te the samnal the twe factors is equal, namely 
o Melighe tagane Hanes the follewing rule: 
tegether the two segments of the chard or distance, 
rpaeas byt twice the radius and the reault is the distance fronrehord 
eurve. 
Sappase for example the rallies a= 5000 foety then at pointed and? 


100 x 700 BER aise 


we hare eT ST TE BOO 2G Sock oa chu a1 atalian i from 
en - ae r : | 
. Bor Danks 210 x 600 a= 20afieet 
Ber and 5 OO" is fi 
and the entire length being 8 stetions ES = 10 = greatest 
, or middle erdinate 


Had it been a 1° carve of 5730 feet radius, the erdinates would 
‘have heen: 
: 1x%xi*= 612 


2x6xZi=i0se |. 
“ B@x Sx Fm 1ste. *° 
af . 4x4x § = 400=—ni e ordinate; and 
¥ oo in projertion to any other rate of carvatare i in 4 a 


Hence when the rate of curvatare is in ‘Aabines and cio eiinuseh 
we have the fellewilig rule: ~- 

Multiply together the distances in stations ee side of the ee 
and the rate of curvature, dedact from this‘ — 4, of itae 
xemainder will be the ordinate roger 


* The departure in es ofa 1° curve from tangent being = “TS = j of a foot. 


to6 FormwuLa ror Ruxxine Loves, 


Case: 2p. 


_ Suppose that between, the pointe 0 and 8 there occurs.a point: of 
p. @, for instance at 3 or 5, the curves compound from a 5000 feet 
radius ta a 4000 feet. radius, ‘ 

800 X 300 


By Ist. method eg = {1-25—distance frem. end of chord 


to tangent run from p.a e, and ice => 2&8 == distance from 
other end ta said tangent 

Measure from ends of chords respectively 11-25 amd 25 feet; on 
this line, at-a distance 800 feet from 12°24 effset, and 500 feet fram. 
25 feet offset, would be the point ef compound curvatare sought. |. 

Or imagine either eurve produced to a paint opposite the end 
the ether; ealealate by Proposition Xi, and measure the distance} 
between the two curves, then en the new ehord find the p. « «as! 
by simple eurres, Thus: : 

300 x 300 300 x S060 
= 8000 10000, 

Measure 2°25 from the old cherd, and yeu have the direetion 
the new. Having found the p. e.e. calculate the offeets from each. 
chord rately. ne: 

The above rule for ordinates, althongh aot perfectly aceurate, 
considering the divisor always = 2R, while. it 1s, variable, is suffi- 
ciently near for centres to grade by, when the cherd subtends aot. 
more than 20° curtature. 

This role will also apply to placing geatre. points between) 
stations Thus: eos 

On a chord of 100 feet, radius 1000 feet Tet Tt be required to 
locate a point 80 feck from one end and 70 fact from the other 


30 x 70 
——- = 105. 
200Q 


== 2°28. 


Then we hare 


a aameaneneee aa emmenmnaaemeamn 


FOR. SPRINGING RAILS. 

Let I. = length of rail and R= length of radian, ‘Thema 
SY = ga = epring in feck 
2. 
xh 


‘sm epring ia inebea _ 


R 


Locamma Sipx Tracxs, Pro 4d 


8 
= = epring in eighths of an inch, 


3 

( “e ) = spring in sixteenths of an inch. 
: ExaMrte 

Let the rail be 20 feet long, and the radius 1200 feet. Then 


Hence the rule: 
24 times the square of the length of rail in feet divided by lengt! 
of radius in feet, will give the spring in middte in sixteenths of a: 


inch. 


Te find the dength of chord for a rate of curcatare (Jess than 8°) 
4 thn ple Par in the Table of Cher (gp 414) 


ExaMp.e. \ 


Let it be required to find the length of chord corresponding t 
800 feet ef curve for a 7° 10' curve. 
7° curve gives . 76901 
7° 15' curve gives 766°79- * . 
Difference . . 2°22 —C 
Then 15 : 10 = 2-22 : 1°48, and 76901 — 1:48 = 767°58 ; 
or 153 63:2°22: 74, and 766-79 + 074 ="767'538. 
The result, as obtained by the table of sines, is 767°54, onl: 
Tis of a fo0t difference. ; 
That is, sine 28° 40’ x radiug 800 x 2 = 767°54, 
Suppose now it be required to find the length of chord corre: 
ponding to 950 feet of a 6° curve. 
$00 feet gives length of cherd . 867-45 
1000 - < . 95537 
Sum s ® e 2s s : 2 e e e s e 1822°82 
Mean 950 . . 2. 1. we ew ew he CT 
New sine: 28° 30’ x vedius 955:37 x 2 = length of chord = 911°7) 
being only =3, of a foot difference, so that this table will be suff 
cient for'orditary purposes. For common rates of curvature for | 
less distance, say 650 feet, the variations from the true length woul 
be scarcely perceptible. . 


e 


£08 Fomttia sox Rosine kines; &c. 


ia —Iet A and C be too fixed tangent points, the positiona | 
whoed tongeds ate determined: by the DAC=m= 18°, 
BOE =n = 6°, ond the perpendicular ance DC = p= 43} 
fi.™ Re £ phy the amount of eurvature in the arc A B, its reversion | 
4 C, load eng tl of the common palin aon MB by as 
the arce A 


Yare desctibed, 


Concer ed MoteT 
foe 8S YL: RA Sri iv dx wa lid 
Let a = nat. vers: sine. DAG, cad res hat vers. sine BCE 
Let x = nat. vera. sine (AOB-——m)=(BM C— n)- 
Or curvatare A B= m +, %,and curvature BC rate 5 ae 
Pas 
To Soda we dave att te ee Hee 


. 2 
irae [. 
| : 6048088 _ 0008178 eat ari = = ae ters. : ue 18°. a3! 48". 
Therefore arc A B= 18° + 13° 28° 48" = 319 23" 48" and BC =6° + 


13° 23' 48" = 19° 28" 48”, Then by princi les from which Proposi- 
tion XII. is derived, to find OB=R, as 


Can ¢ ry) 


« 
« - . 
: 
. « 
; = 
7 . 2 
* 
. 
- ee 
= 
Md. 
ate see 
wwapee st, OT NCE Sek A IE IE Ne SIE eR ee a 


perpd. dist. DC = p. eer or, us 
wemare twice nat. vers. sine ‘tine AB— nat vers. sine (a—) er 
pas ee ee. 
pat; Vs. BL 23" "28 48° x inet va 32°. 0146420 X 2—0°0R1852 
468°3 ak 
peee ee = M104 = B= ws of 0 8 Ql’ eurve.; 
Risa oe 9 oe | 
Sug’ , ed 
Then 24_ sare” oer 


* If DC cannot be measured, measure AO a ee Da Thus if AC = 
1600 ft. we have 1500 x sine 18° = 1500 x 030902 = 


468%. 
+DGE being e to AOB, AOB~m=ALG=OLE. Therefore a = 
nat, vers. sine A L = 18° 93° 48°. 


TABLE. OF RADIT AND THEIR LOGARITHMS. 409 
‘(HE CURVATURE 18 SUBTENDED BY A CHORD OF 100 FEET.) 
| 0 DEGEEE. ! 1 DEGREE. 1  2DEGREES = | 
u Oar cheat 
M. | rane i pene ! M. [Retion | Logarithm. I os | Rad us | TLogar:thins. 
im 0| 3780] 3-738198 0| 2865 | 8457115 * 
1 3487 Bd5S6I7T4 1 | 3686 | $-750949 1 | 2841} B-459511 | 
2 71887 | %-235044 2 | 3545 | $-743888 9 2318 | 3-449987 
3 114592 | 5-v59158 8 | 347 | $-786940 8] 2795) 3446891 | 
| 4) 85942] 4034014 4) 3587 3°739108 4| 2772) B-asesie } 
| 8 | 68i05 | 4:987504 5 | 35289 | 3-723867 5 | 2750) 3-48s3s7 | 
| @ ; 57296} 4-75s198 6 | 32069 | 716787 6 | 2729 | 3-485908 | 
1 og | apis 4°691176 7! 5181} 3-710206 7 | 2707 | 3:482498 
8 | 42992] -4-629194 8] 3056! 3-7¢8772 $ | 2686] 3-429..89 
9 | 38197 | 4580739 9} 4982 | 8697482 9| 2665] 3425708 + 
10 | 34877 ASOGITA 10 | 4911 | 691183 10 | 2645 | 3-429856 | 
14 | 81252 | 4-494581 11 | 4842 | 3-685098 11 | 2624) 3419098 
12 | 28648 | 4°457(93 12] 4775 | 3-678947 12] 2665 | $-415727 
18 | 26444 | -4-499939 18 | 47c9 | 38-679958 | °18) 2555] 98-412448 
14 | 24555 | 4895146 14 | 4646 | 8-667037 14 | 2586 | 3-4(9197 
13 | 22918 | 4-360188 15 | 4584 | 3$°661220 15 | 2547 | 3-4(5967 
16 | 21486 | 4-3820154 16 | 4528 | $-655469 1G | 2528 | 3-4° 2763 
17 | 2:222 | 4-805995 17 | 4465 | 3-649799 17 | 2509] 899581 
13 | 19.99 | 4-281009 18 | 4407 | 3644199 18 | 2/91} 8396424 | 
19 | 186938 | 4-257599 19 | 4852 | 3°688656 19 | 24731 $-398988 
2) | 17189 | 4-285245 20 | 4297 | 3-683194 20 | 2456 | 3-390176 
21 | 16870 | 4-214°55 21 | 4944 $-627800 21 |] 2488 | 3387685 
22 | 15626 | 4-198959 22} 4192 | 629470 22 | 24291 | $-384016 
28 | 14947 | 4174536 23 | 4142 | 8617196 |. 28 | 24:4] 33584968 
94 | 14824 | 4156068 24) 4093 | $:612008 24 | 2387 | 3377948 
25 | 18754 | 4189893 25 | 4945 | 3-6C6866 25 | 2371) 38749387 
26 | 18222 | 4:121802 | 26) 38997 | 38601787 || 26 | 9353] 8371954 
27 12782 | 4-1¢4910 27 | 3952 | 3-596766 27 | 2389 | 3868959 
28 | 12278 | 499117 28 | 8907 | 3591803 23 | 2323} 38-366046 
29 | 11854 | 4073976 29 | 38363 | 3586896 29 | 28u7 | 3363121 
8) | 11459 | 439154 80 | 8820 | 38582044 2) | 2992 | $-$6021T 
81/1190 | 4+ 44919 81 | 8778 | 8577246 81 | 277 | $:857331 
88 | 10748 | 4081195 $2 | $787 | 8372499 82 | 2261 | 8354466 
83: 10417 | 4017760 88 | 8697 | 8-5e78C4 83 | 2247 | 3351618 
84! 10111 | 4004797 841 38657 | 3568160 84 | 2932 | 88497: 
35 | 9822 | 3992906 85 | 8619 | 3559564 $5 | 22918 | $:345978 
36 | 9549 | 3-979973 || 861 3581 | 8554011 | 36] 29c4| 8-949197 
87 | 9291 | 8-968072 87 | 3544 8°549516 $7 | 2190 | 38340411 
38 | 9047 | $-956498 88 | 35(8 | 8345063 || 88] 21761 38387655 
39 | 8815 | 8945259 89 | 3473 | 8540654 89 | 2163 | 8°384915 
40 ' 8394 |} 8-931916 40 | 8488 | 8-5862S9 40; 214 $:382198 
41 | 8385 | 8-923490 || 41] 8404) 8381968 | 41 | 2195 | 3-329497 
43} S185 | $-013..99 42 | 8870 | 38°527690 42 | 2122 | $-326799 
43 | 7995 | 8-9n2806 48 { 3983 | $:523459 48 | 2169 | 3-89-1196 
44 | 7813 | 3°892824 44 { 3306 | 8519257 44; 2.96] 9°321471 
45 | 7639! 3-883 68 45 | $2974] 8515100 45 | 2.831 $918931 
46 | 7473 | 3°S73519 46 | 8243 | 38°51L985 46 | 2.71 | 8:8162.8 
47 | 7314 38964179 47 | 8213 | 8-5c€907 47 | 26 $°318600 
48 | 7162 | $°S55°36 48 3188 | 8°302868 48 | 2346] 8311008 
49 | 7016! $-S46c81 49 | 3154! 8498966 49 | 26841 8-30815) 
50 | €876 | 3°8373:.8 5t | 8125 | 8°494900 50 | 2022] 8-3C5se9 
3t | 6741 | 3329768 51] 3097 | 38°495970 51 | 2610! 3999893 
52 | 6611 | $-3820275 52 | 3669 | 87487075 52 | 1999 | 8-390797 
358 | 6486 | 8312002 58 | $3042 | 8:493905 58 | 1987 | 3298274 
54 | 6866 | 3-s0sgss 54] 8016 |  8°479899 541 1976} 8295771 
55 | 6250! 8795915 55 | 2989 | 38°475596 335 | 1965 | 3298288 
56 |} 6189 | 37388091 56] 2964 3°471886 56} 1958] 3-2908¢9 
57 | 6021 | 3°780408 357} 2988 | 3468108 57 | 1942] 2-288849 
58 7 | 8779951 58} 2918 | 8464418 58 | 1981 | 8-2859%9 
59 | 5627 | 38-765496 59 | 2889 | 38°460748 59 | 1921 | 8-288470 
60 | 5780 | 38°759128 60 | 2865 | 8457118 60 | 1910 | 8281051 


Taste oy Ravn anv toerm Locarirums, 


10 
8 DEGREES. 
M. [ Kadius. | Logarithm. 
o | 910 821051 
t} 1990 8.278646 
2; 1889 8276258 
8: 1879 8273875 
4} 1869 8271508 
6} 1858 8269155 
6} 1848 $-262814 
7} 1889 $-264486 
8 | 1829 8262170 
9! 1819 8259867 
10 |} 1820 8257576 
11} 1800 8255297 
12 { 1791 8°258029 
18 | 1781 8250772 
14} 17%2 8245580 
15 | 1768 8246207 
16} 1754 8244077 
17 | 1745 8241967 
18 | 17386 8-239669 
19 | 1728 8-23748t 
20 | 1719 8 
21; 1720 $°233140 
22} 1702 8236985 
23} 1694 8228842 
24] 12686 8226707 
25 | 1677 8°224584 
26 | 1669 3°222479 
27 | 1661 8-22(869 
28 | 1658 8218277 
29} 1645 3°216128 
80 | 1687 $°214122 
81 | 1689) 8212060 
82 | 1622 8210007 
88 | 1614 82.7968 
84 | 1607 8-205930 
85 | 1599 8208006 
86 | 1592 3°201892 
87 | 1584 8199891 
88 , 1577 8°197890 
89 | 1570 8°1959038 
40 | 158 i) 8198925 
41 | 1556 8°19195T 
42 | 1549 8:189996 
43 1542 8$°188045 
44 1585 8186108 
45 | 1528 8°184168 
46 | 1521 8182244 
47 | 1515 8°18:,32T 
48} 1508 8178419 
49 | 1501 8176519 
50 | 1495 8°174627 
51 | 1489 8°172742 
52 | 1482 8°170868 
58 | 1476 87169001 
54} 1469 8°167142 
55 | 1468 |! 87165000 
56 | 1457 | 8168447 
87 | 1451 8161612 
5S | 1445 8159784 
59} 1489 8°1579638 
6O | 1483 8°156151 


d 


21 


4 DEGREES. 
Radius ae Logarithy. 
1488 8-156151 
1427 | 8°154544 
1421 8°152548 
u| Bee 

‘148 
1403 8°147100 
13898 3:145431 
1892 8148670 
1886 3°141916 
1375 | 3.189490 

3° 
1870 8-18669T 
1864 | 8-134977 
1869 | $-133951 
1354 8-181589 
1348 | -199888 
1848 | 3°128184 
1888 8-126441 
1888 | 3-124756 
13828 8128075 
1822 | 8-121404 
1317 | 3119787 
a file 

, 8 

1862. 3-114778 
1298 | 8°118184 
1293 8-11140T 
1288 8-1 9871 
12838 8108249 
1278 $-106682 
1278 8-105022 
1269 8-108418 
1264 $-101818 
1260 8°100225 
2355 8-(98688 
1246 | Bi Deiel 
1241 8-( 93910 
1287 | 8.92874 
1282 8+ 9.:788 
1298 | 2.089286 
1224 8°. 87689 
ae| tne 

ae 0 
1211 | 8-¢88079 
a fae 

' 0: 

1198: 8078518 
1194: 8077002 
1190 8075508 
aa) fom 
1178 ; 8071622 
1174 . 8°069587 
iin | 8°368059 
ae hea 
1154 8-062194 
1130 8060738 
1146 8°059290 


ea: SS 


& DEGREES. 

| Radius. Loga: ithe 
1146 8059290 
1149 8057845 
1189 8-056407 
1135 8055010 
1187 8058542 
1127 852115 
11% 8050696 
1120 849279 
1116 847808 
1118 8046462 
1acg 8045059 
11(6 8048662 
1102 $042268 
1°99 3040879 
1195 889495 
16.92 8038114 
1688 8086740 
1085 8035868 
1081 808-4002 
1678 8( 82686 
1075 $(81281 
1071 8629997 
1€68 B802ZE5TT 
1065 8627280 
1(61 8025890 
1(58 8024553 
10.35 8023219 
10.32 8°621989 
1048 8020565 
1045 8°019243 
1042 8°017927 
1069 8016614 
1036 8015305 
1€33 3°018999 
103 3°012698 
1027 $°011400 
1&4 $°01010T 
1(21 $°0C8817 
1617 | 8007589 
1014 ; 3006249 
1011 | 8004973 
1008 | 8008E9s 
1066 | 8062497 
103 8001129 
1000 2999897 
0969 $2°99S636 
B94): WOOTSSt 
0911, 2096128 
9383 9-994830 
9S5-4 2°903684 
982°6; 2992398 
079°8| 2901156 
OT71 2089921 
974-3! 3°988690 
9715 2°957463 
0687 ' 3986190 
966°1 2985018 
963-4 2968801 
9607 2962587 
2580 | 3961877 
055-4/ 2960170 


ee ee ee 


Tasiz oy Rann snp THE LocanirHMs Ai} 


6 DEGEEEA tpneRErs, | 2 DEGREES. 
} S. | Radius. | Logarith-n. , M. Radiu-. | Saogerithm | M. | Radine, | Loz ihm 
10} 9554 | 2030170 | 0 | 819-0 | 2019995 || 0. 2°835385 
» S| 9527 | 297x967 1 2 | 8171 | 2912266 a 2-S54483 
: | 950k | 2977766 || 2 | S151 |} 2911931 9 2 2-350583 
$ 8] 9475 | Sorec9 | 8 | 8182 | B01028 | 3: 2952634 
{ 4] 949 | 2975875 (4) BIL3 | 299183 4 4) 2°S317 37 
j 5] sera! sores | 5) B94 | aosier |b 2°35°801 
F 66} S307 | 207207 11 6 | BOTS | 2PuTi4a ff 6 2319999 
\ 74] 9379 | 2971814 |} 7 | BIE | BOG YY 7 2349107 
> 8] 9346 | 297.633 | 8° 8:37 | 2905111 4 8 2-848219 
2 9 D324 | 2900456 | 9 | Buld {| 2904097 1 9 2°847229 
\ 10 | 929°6 | 3963989 | 10; 8%) | 2908.99 | 10 2°S46445 
j 3h] 92rd | eoortat | 11! 7931 | 290292 ff it | 2°345562 
y 12) 9246 | 295003 | 13 1903 | BITE } 12 | £34679 
S43) Dua | 205853 13 7945 | 2003078 | 18 2'343799 
© 44 | 919°6 | 9903616 | 14 | 7926 | 2699073 | 14 342921 
\ 45 | S172 | 9952458 | 15 | 793 |} 2693075 f 15 2-849.44 
{ 36 | Diss | 2951308 | 16: 7590 1 2307.78 | 16 | 284199 
§ 17} D123 | 2900150 |. 17 | 7872 ] 2996085 117 3-84'.296 
18 | 9.99 | 295901 +18 | 784 | 2595.94 ff 18 2°839424 
19! 9.75 | 2957554 19 | 7336 1 2304103 4 19 9333554 
2); 951 | 9956111 . 2) | 7813 | 2993118 4 20 2-837 687 
{ $1 | 9.23 | 99s0012 | 21 | Fert | gebzie | 21 9930921 
; 28! Sus | 2954484 | 22 | 77383 | 2991751 4 22 2335956 
1 231 GSO } 29533800 23: Tiew 4 B59NTL || 23 9:335: 93 
v0" %) | | $6@% "OS: AB 3) 
! g4| 8957 | 2952168 | 24 3748 } 2359198 | 24 2331939 
j 25 ' 8934 | 2951049 | 25 | TIL } 2389218 | 25 333878 
96 BOLL | 2949915 | 26) T71B} B32 | 26 PSII 
37: 8333 | 2045193 | 27 | 769% | 2°896272 4 27 2°831.659 
23 9365 | 2017673 | 23: J6TM | 2385808 || 23 % 33 IS.B 
99 | S342 | 9946555 | 29 | 3662 | Xas4396 || 29 2°829953 
$0; 882) | 245452 | 80: Z644 {) 9-393871 | 8) 2329102 
81 | 8797 | F9143B30 | BL | 7628 | 3:532409 |} 3y 2323238 
83 5 | 2943298 | 82, 7611 {| 2931445 | 39 2327405 
33 2942116 | 38° 7304 | 2330490 |) 38 2826560 
$4 | 873: 9941015 | 84) 7578 | B8793348 |i 34 23295715 
35 aoiopia | 85 | 7561 | 9-87a5s0 || 35 2:824978 
36 | 863 2939819 | 86, 244 | 2377627 | 36 2324582 
37 4 | 9:937722 | 37 7528 | 2376878 =} 37 2'823192 
38 99236083 | 88 7512 | 2875730 | 38 | 2:322353 
9 21) 2935543 | a9 7495 | 2374733 | 39 9°391519 
49 2934459 | 40 | 7479 7 373840 jf 40 2:520683 
4j 2933337 | 43: 3463 | 9372900 | 41 9319352 
42 56] 9932205 | 42: F447 | 9371959 | 42 | 2°319 521 
43 9951219 | 43 7431) 2971022 | 43 | 2°318191 
44 4 | 2930142 44 7415 | 2370086 | 44 | 2°317368 
45 31 29299710 | 45 3 2°369153 $45 | 2-3) 6537 
46 2°923)00 | 46 , 3888 | 303221 | 46 | 2°315712 
43 2926933 | 43 336T |} 867291 | 47. 9314988 
43 1 9:925307 | 48 3851 i 9-366863 | 48 9°51468 
49 ; 9924306 | 49 333% | 2965493 || 49 9313246 
50 0 9923747 | 50 3820 | 2364514 | 50 9'312423 
a ‘9 | ¥922G1 | SL | 7805 | Se6303 | DI 311611 
53 2921637 | 52! 7239 | Ss6ee78 | 59 2°810796 
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13 DEGREES. 
Radius. | Logati bm. 
4783 | 2-679735 
4177 | 2619185 
477-0 | 2075583 
4163 | 2-677936 
4156 | 2-677238 
4150 1 2676744 
4144 | 2676145 
4783 | 2675549 
AI31 | 2°674954 
4125 | 2674860 
4718 | 2-673767 
4713 | 2673175 
470% | 2672534 
4699 | 2671993 
4692 | 2-671408 
4686 | 2-67°814 
468-0 | 2671226 
4653 | 2-669638 
A6C-7 | 2°669259 
Sl | 2-668466 
465°5 | 2°607831 
464°3 | 2667297 
4642 | 2°666718 
463°6 | 2°666131 
4680 | 2°665549 
4623 | 2°664968 
4617 | 2°664387 
461-1 | 2668808 
4605 | 2°669229 
4599 | 2°662651 
4592 | 2°662U74 
4586 | 2°661493 
4580 | 2°66922 
457°4 | 2°660347 
4563 | 265977 
456-3 | 2°659200 
455°6 | 2°655628 
455°0 | 2°658056 
4544 | 2657485 
4533 | 2°636915 
453-2 | 2°056345 
4527 | 2:055776 
4521 | 2°655208 
4515 | 2-054641 
450°9 | 2°654075 
450°3 ;  2°65359 
4497 | 2°052044 
4491 | 9°5233) 
448°6 | 27651816 
448°0 | 2°651254 
447-4 | 2'650601 
446°5 | 2°653180 
4162 | 2°619570 
4457 | 2°649910 
A451 | 2615451 
AALS | 2°647592 
4440 | 2°647385 
443°4 | 2°646778 
442°3 | 2°646202 
4422 | 2645666 
4417 | 2°645111 
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18 DEGREES 
| » & | Radius. | Logarithm. 
0 | 441°7 | 2645111 
1, 441-1 | = 9°644557 
2 | 4403 | 2644004 
8: 4400 | 2°642451 
4| 4894 | 2649900 
5, 4889 | 2642348 
6 | 4883 | 2641798 
1 | 4878 | 2641948 
8 | 4872 | 2640699 
9 | 4867 | 92-640150 
10, 4861 | 2-689608 
11: 4856 | 2680056 
12 | 435°0 | 2-688510 
13 4845 | 9-637964 
14' 4389 | 2°687419 
15 ' 433-4 | 2-686875 
16; 4828 | 9-686332 
17' 4823 | 2°6857 
19, 481°38 | 2°685947 
19 , 4312 | 2°684708 
190 | 430-7 | 9634164 
121) 4302 ' 9-683694 
22} 499°6 | 2°683(85 
23 | 4291 ° 2°639546 
24} 4286 | 2682008 
25 | 4280 , 2°681471 
26, 4273 | 2°680984 
27 | 427-0 | 2°680888 
281 4264 | 2°629868 
29 4259 ; 2629828 
80 | 425-4 ' 2°698794 
81° 4249 | 2°628261 
82 | 4244 | 2627728 
83 | 428° + 2897196 
84} 4233 | 2626665 
85 | 4223 | 2696134 
36 | 4223 27625604 
87 | 4213 | 2°625074 
$8 | 421°3 | 2°624546 
89 | 4207 | 2°624018 
40 | 4259 {| 2°623490 
41 | 4197 | 2°622963 
43} 419° | 2°629437 
43 | 4is7 | 2°621912 
44) 4182 | 2621887 
md 4177 , 2°63¢868 
46 | 4172 | 2-69C339 
47! 4167 ; 2°619516 
43 | 4162 | 2°619204 
49 | 4157 ; 2°618772 
30 | 4152 | 2°618951 
51! 4147 | Q°617731 
52, 4149 © 2617211 
58 | 413-7 | 2°616692 
B4! 4132 ' 2°616173 
BS. 4127 | 2°615655 
56 | 412 | 2°615138 
57, 4117 , 2614622 
58 4112 | © 2-614106 
59° 4103 | 2-613590 
60 | 410°3 | 2-618075 
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14 DEGREES. 
M,. | Raina. ' Logarithm, 
0 | 41:3 | 2°613075 
1} 4693 | 2619561 
2/ 4693 | 2°612¢48 
3| 488 | 2411895 
4! 4csg | 2-611(93 
5 | 4679 | 2-610511 
6| 4074 | 2-61¢¢009 
7| 4669 | 2°6(9490 
| g| 406-4 | 2-6(§930 
' 9{ 406-0 | 2-6CS471 
ito | 4053 | 2607962 
411 4(30 | 2°607454 
| 12} 4¢45 
431 404-0 | 2606429 
| 14] 403-6 | 2-6C5033 
1 a5 | 4081 | 2665428 
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} 17 | 4029 | 2604418 
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28 | 99-4 | 260144 
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| 25 | 3985 | 26.6404 
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| 27 | 3976 | 3°599406 
| 28 | 897-1 } 2599908 
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30 | 3963 | 2597914 
31 | 8957 | 2597418 
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| 33 | 3943 | 2596497 
(1 341 3944 ] 2595988 
135 1 3939 | 2595439 
| 36] 3935 | 9-594046 
| 87 | 2980 | 9°594458 
| 88 | 992-6 | 2599961 
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1 40 | 391-7 | 9592978 
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1 42 “8 | 9591997 
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| 45 | 3895 | 2590531 
| 461 3801 | 959.48 
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50 | 3878 | 2588 97 
si 3869 | 9587612 
i 59; 3865 | 2357128 
| 58 | 8860 | 25scc44 
154! 3856 | 2580161 
| BS | 8852 | 25856738 
Il 's6 | 8848 | 2°585196 
37 9943 | 2594714 
58, 8889 | 2584238 
59 | 38383 | 2-588759 
60 | 888-1 | 2588273 
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TABLES OF NATURAL AND LOGARITHMIC VERSED SIN is, 
AND EXTERNAL SECANTS. 


| On the Construction of the Tables of Versed Sines and External 
Secanta, 


In the above figure it is required to find the value of versed sine 
FB=VUG, of are B C= AB angle a, and of external secant C D in 
terms of sine CF any tangent B D. 

The chord BC = 2 sine BC, and angle FCB is measured by 
4 are AB=}4 are BC. 

Therefore making chord C radius, B F will be the sine of angle 
F CB, and we have: 

Versed sine B F = 2 x sine FCB = 2 x (sine 4 a)*. 

That is, twice the phe of aine of half given arc = versed sine. 

, Making CF radius F becomes tangent, and we have, versed 
: sine BF = CF x tangent FCB, or sine a x tangent 4 a. 


| Now by similar triangles y. s. a : ex. sec. a :: cos. a: radius; 
and V. 8 @: eX. sec. @ 3: sine a: tangent a; 
or, ex. see, @ == V. 8. a@ xX radius 


: — x tangent 4a. 
cosine a 


Then log. v.s.a= Jog. sine a + log. tan. 4 a — (10 = log. of R.), 
and log ex. sec. a = log. v. s.a-+- 10 — log. cos. a. ; 
or, log. ex sec. a = log. tan. a + log. tan. 4 a— 10. 


EXaMPLeE, 


Log. sine 40° = 9°808067 
Log. tan. 20°= 9°561066 
Log. v. & 40°= 9°369138 


Log. tan. 40°=9-922813 
Log. tan. 20°=9°561066 
Ex. sec. 40°=9°484879 


LS VERSED Srves. 
CS en ef EET Se 


0 DEGREE. 1 DEGREE. 2 DEGREES. 
fin Nat. No Logarithm | Nat. No. | Logarit].m. ; Nin. Nat. No | Logari bea. 


0°CIC060 | 0-000000 0°000152 | 6°182714 0 | 0°0006C9 | 6-784740 
000000 | 2°621422 *00C157 | = °197071 1 | 0CC019 | °-791948 
000000 | 8-228482 000162 | 211194 000680 | “799° 9T 


000C00 | “580664 
C00000 | -830542 
000001 | 4°024362 
000002 | -182724 
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e 
z 
g 
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Fart 
aN 
i 
pl, 
oR 
2) 
r) 
B 


000589 | 770144 
000599 | “TT7472 


60 | 000153 -182714 000609 | -%84740 


16 | -000011 | 5°034662 16] « 

17 | -200012 087316 17 | -0C0251 | -899887 17 | -000794 | -8998C6 

18 | -000014 | -186966 18 | -00C257 | -41(592 18 | “OC(S05 | 9.6128 

19 | -900015 | -188994 |} 19 | -000264 | 421657 19 | CCCS17 | 912898 

20 | *300017 | 228480 || 20] -ocu271 | -432589 20 | -000829 | 918618 

21 | -000018 | -27U956 21 | -0C0278 | °443872 21 | -000841 0 

22 | -000080 | -811266 22 | -0C02S4 | -454¢80 22 | -000858 | 93 987 

23 | °000022 | 849877 28 ; -000291 | -464588 23 | 000865 | 937. 32 

24 | 000024 | 886842 241 000298 | 474960 24 | 000877 |} 043.84 

25 | -000026 | -422802 || 25 | -ooosoe | -4850a8 || 25 | -oooss9 | 49198 

26 | -000029 | -456366 26 | -00C813 | -495396 26 | 000902 | 

27 | -000081 | 489140 || 27 | -000820 | 805488 | 27] -00C914 | -96C991 

28 | -000088 | 520786 | 28 | -O0032s | -5158e4 || 28 | -00C926 | 96687 

29 ; -000085 | -551216 | 29 000885 | -525179 29 | 000989 | 972726 

80 | -000088 | -580662 | 80] -000843 | -S34gR89 | 80 | -000952 | -978586 

81 | 000040 | -609148 | 81 | -000850 | -34448 81 | 000964 | 984805 

82 | 000048 | -636720 82 | 000358 | °353972 82 | -O00C9T7 

33 | “000046 | -668449 || 381 -0C0386 | 568862 88 | 000990 | 903788 

84 | 000049 | -689376 | 84 | 000874 | 572631 84 | -001018 | 7-0C1391 

85 | -G00052 | -714558 85 | -0008S2 | 381841 85 | -001016 | -007018 

86 | -000055 : -739°24 || 861 -cccs9) | -59°987 86 | -0C1629 | -012597 

87 | “000058 | “769521 | 87 | 000393 | -b99086 || 37 | 001048 | 018147 

88 | °000C61 785984 || 881 -000406 | 66 | 88 | 00156 

89 | 009064 . 808549 || 89] -000415 | -617662 89 | -ocIced | -029139 

40 | CO006S  -830583 || 40] -000423 | -626898 || 40 | -001683 | -034584 

41 | -0O0G71 851985 | 41 | -000481 | -635084 || 41 | -001697 | -089995 

42] °000075 872916 || 421 -000449 | -849591 || 42} 001110 | -045872 

48 | “v00078 , -893853 || 48 | -000449 | -652064 | 48 -001124 | 050717 

44) 000082 | 918822 || 44| - 660 

45 | -soonsé | 939345 || 45 | -oonses | -e6a7ee. | 

46 | -000090 ' 951932 46 | -000475 | -676999 , 

47 | °0C0C93 | 970611 || 47 | -000484 | -685156 

48 | 009097 988593 | 48 | -000498 | -698284 | 48 

49 | °000102 | 6006770 if 49} -000503 | -701240 | 

59 | C00106 | -024354 | 501 000312 | -709171 50 j 

51 | -aco110 | -041559 || 51 | -oooset | -t17089 | 

52 | 005114 058420 || 52] -Coens1 | -724890 | 

53; °300119 ; -074965 || 53 | -000540 | -739540 58 

54} °000123 '' -(91200 54 | -00C550 | 740199 : 

55 | *030198 | 197146 55 | 000559 | 747778 : 

56 | -000188 | -122788 56 | -000569 | 755297 

57 ] °000137 , -138167 57 | 000579 | -762752 : "12227 
89! 


ExtervaL Srcants. 417 
O DEGREE. 1 DEGREE, | 2 DEGREES. 
Min | Nat. No. sv tien ' Min. | Nat No. | Logarithm. | Min | Nat. No. Tugarizhm 
i : ES GEE 

© | 0-coo000 | -000000 | 0 | 0-060152 | 6182780 |; 0 | O-cove10 | 6-785005 
1 | -cocceo | 2-626422 1 | 000157 | 197189 1! OCcG20 | 792217 
21 -coocdd | 3-228482 i 2} -ovc16s | 211965 2} c0G30 | -799871 
8 | ~coccoo | ‘Bsceed || 8] “ec0163 | -225164 8 | -OCCGL0 | -8CU465 
4 | -coooco | 930842 |} 4] OCCI73 | 28sS45 4| 000651 | -818502 
5 | cooneo | 4v24s62 |i 8 | CCCl79 | -2598C5 5 | Coceél | €2°491 
6 | coool | 182725 |, 6 | -d0v1s4 | 265576 6 | 000672 | 827406 
7 | -ococc2 | “816619 || 7 | 000190 | 278689 x | 00c6ss | 834276 
8 | -cooes | -4826(3 | 8 000196 | 291511 g | cocegs | 841098 
9 | -ccoccs | 534967 9} -000261 | -804198 9] “C074 | 847857 
10 | -oococa | 626404 |! 10} -co0207 | -s1ce94 || 10 | -oov718 | -354568 
11 | -000005 | -7c92¢9 | 111 -ccc218 | -s29018 || 41 | 000726 | -861297 
12 | -ooo0ce | “794787 * 12] ‘000219 | -341167 || 12 | -ccoT3S | -S6783 
18 | -cocoo7 | -8548¢9 |; 18 | 000228 | -353149 || 181} 000749 | -874393 
14 | ~cccecs | -1ges2 1: 14} -0c0282 | -se4969 |) 14] -CoC760} -Secgo7 
15} OGcc1o | “978606: 15 | 0C0288 | 876681 || 45 | -coo772 | -ss7B68 
16 | -v0011 | 5-034067 || 16 | 006244 | “888188 || 16 | ~oC788 | -seaTS4 
17 | 000012 | 037321 || 17 | -occ2s1 | -s994s6 |} 17 | -ooo7es | -900157 
18 | 00014 | -196974 |! 18 | -000257 | “410704 |] 18] ~ocsce | 906473 
19 | -000015 | -198988 : 19 | -006264 | 421772 || 19 | -cousig | 919748 
90 | 000617 | -298487 |! 20 | -0cce71 | 432700 || 90 | -coes30 | 918978 
91 | 000018 | 270864 '! 21) 000278 | -44s498 || 911 -coes42 | -925165 
92 | 600020 | 811275 | 22] -000285 | -454154 1} 921 -occ834 | -981308 
23 | -oooce2 | -gagsea | 93 -occa92 | -4eacss || 931 -cooses | 937408 
e4 | 000024 | 886858 || 24 | -600299 | 475-90 || 24 | -oocsTs | 943465 
25} 000026! -429814 | 295! -v0sce | -485871 || 93 | cocsa0 | -949479 
96 | 060029 | 45687 26 | -000818 | 495582 || 26! occas | 9355454 
97 | 000031 | -489158 | 27 | ~0ce320! -Bc5577 || 27! -coc915 | 961888 
98} -000088 | 520750 | 28 000828 | -5155c6 || 98} -cocg27 | -967289 
29 | -000086 | 551980 || 29 | -0c0385 | 525805 || 29] -ooceso | 973194 
BO <<LOCBB | 8679 |, 80 | “000348 | 85:81 || 80 | 00.958 | 975950 
81 “000040 | 619151 || 81 | -00C850 | 544 $1 | -006965 | -9s4724 
$2 | 000048 | -686789 || 82 -00C85S | 554128 82) 000978 | 990468 
83 | -00C046 | -663469 | 88 | -0G0866 | 563521 || 88 {| -occ991 | 9961638 
84 | -000049 | -6s9897 || 84 | -000874| ‘572818 || 841 -001014 | 7-v01897 
85 | coors, | -714581 || 95 | ‘000882 | ss2007 || 35} oct | 007455 
86 | 000055 | -739048 || 86 | -000890 | 591106 || 86 | -0C1(31 | 018044 
87 | -000C5S | -762846 || 87 | “000898 | -éocic9 || 87} OO01C44 | 018600 
gs | 000061 | -7s6c18 || 88 | “Occ4cé | -6:9.22 1 381 oc1cst | 024119 
g9 | -000064 | -8LS57 89 | -000415 | -617842 || 891 ‘co1cT1 | 029604 
40 | -cocces | 830567 | 40 | -000428 | -626577 || 40 | “OC1C84 1 -“C35055 
41 | 000071 | -852016 | 41 | 000482 | -c25292 || 41 | ‘co1c9s | O4c471 
43 | -0U0075 | 872948 || 42 643.8? || 42 | OC1111 | O45s5d 
43 | -C60C78 | $93387 | 43 | 000449 | 650959 |] 48 | 001125 | “C51ac5 
44| -Ooocs2 | -gi33ns || 44| 000458 | -eeo6s5 || 44} co1is9 | 56591 
45 | 000086 | -932882 || 45 | 000466 | -eesTz71 || 45 | -CO1IS3 | -CG18¢7 
46} -0U0C9) | -951971 | 46 | 000476 | -e77206 || 46 | ‘oC1167 | C6zC6t 
47 | -COCC94 ; -97C652 || 47 | -COOds5 | -os5se6 || 47 | ‘001181 |} 672984 
48 | 000097 ; -9ss940 || 48 | 000494 | -693448 || 48 | 001195 | “OT7474 
49 | -000102 » 6-006814 || 49 701458 || 49 | 001210 | -(s9644 
50 000106 | 024400 || 50 | -C0C512 | -Tc9398 || BO | 001224 | ‘087768 
51 | 000110 | ‘c41607 || 51} -000522 | -717258 || 51 | *001238 | -C92s62 
$2} 000114 (58470 | 52} 000581 | -T25051 || 62 | 1001258 | (97932 
88 | 000119 -075617 || 58 | -006540 | -7399775 || 88 | ‘001268 | 109978 
54} 000128 | *c91954 | 54 740481 || 64 | 001282 | “107985 
b5 | 000128 , -107202 || 83 | 000560 | -z4eco1 || 53 | 001297 | -112968 
56 000188 | 129846 || 56 | “00CSTO | -755544 || Be | 001812 | 117992 
57 | 000187 | *128097 || 57 | 000579 | -7es004 || 57 | 001927 | 129848 
Be | 000149 | “158890 || 58 770400 || 88 | 001842 | “127747 
59 | 000147 | “16s¥80 || 59 | -co0se9 | 777782 || BQ | -001857 | 182620 
“182780 || 60 | 000610 | 785005 || 60 | 001872 | “137464 


a a a 


418 VERSED Se 
ae ee ne ae DEGREES. 4 DEGREES. 

Iiin. | Nat, No. | Logarithm. | Nin. | Nat No Logarithm 
O {0201870 | 7186868 || 0 | 0002436 | 7886669 
1 001886 | -141679 1} -0(2456 , 890278 
2| 01401 | -146464 2 002477 | -893894 
8 | -001417 | 151225 8 | 062497 | -897455 
4 | 001432 | 155955 4} 062518 ; °461619 
5 | C1448 | “165601 5 | -0C2588 | 404572 
6 | -0C1463 , 165242 6 | *062559 | -408108 
7 | 001479 | 169999 7 | 002580 | -411629 
8 | -G1495 | 174629 8 | ‘002601 | :415137 
9 | -001511 | 179236 9+ -0C2622 | 418632 
10 | 001527 | -tsssi9 || 10 | -ooge43 | -490111 
11 | -001543 | -189877 || 11 | “0C2664 | -425577 
12 | -0¢1559 ' -199912 || 12 -0C2G35 | -499°29 
18 | -001576 | -197492 || 18 | -oc2707 | -482468 
14 | -0.1592 | 21910 || 14 | °062728') 485892 

15 | -6016¢8 | 206376 || 15 | ‘002750 | 489308 

16 | 001625 | -21¢S817 || 16 | “OC2771 | 442769 
17 | -0C1641 | -215287 || 17 | 0C2793 | 446087 
18 | -001638 | -219682 || 18 | ‘0C2815 | 449438 
19 | 061675 | 224518 || 19 | °0C2887 | 4529817 
20 | -061692 | -228860 || 20 | °002959 | 456162 

21 | -0017C9 | -282692 || 21 | ‘002881 | -459494 

22 | -001726 | -237000 || 22 | °002908| 462515 

23 | -001748 | 241289 || 23 | °002995 | 466121 

24 | -001760 | 245553 |] 24] °002947 | 469417 

25 | 001777 | -2498G2 || 25 | ‘002970 | -472¢99 

26 | 001795 | 2540626 || 26 | ‘002992 | °475909 

oF | 601813 | -258982 || 97 | -Ocs8015 | -479997 

23 | -601880 | 262416 || 28 | ‘008¢87 | -482479 

29 | -001847 | 266582 || 29 | °008060 | 485705 

80 | 001865 | -270725 || 80] °00380 4889 

81 | -001888 | 274852 || 81} °008106 | 192137 

82 | -001901 | 278957 || 82 | °008129 | -495384 

88 | -001919 | -283043 || 88 | °008152 ° -49S598 

84 | -001987 | 287109 || 84 ‘003175 | -301¢94 
85 | 01955 ; -201156 || 85 | °008198 | 304857 
86 | -0(1973 | -295187 || 86] °0C8221 | -‘do80c8 
87 | -u1992 | -299198 || 87 | °008244 | 511147 
88 | -06210 | -3¢83190 || 88 | °008268 | 514975 
89 | -002628 | -307162 || 89 | °003291 | °3517391 
40 | -6C2047 | -811119 || 40 | °003315 | 520498 
41 | -602066 | -315¢56 || 41 | °008889 | ‘523598 
42 | -C02085 | -818977 || 42 | °008362 | 526677 
48 | -002108 | -829879 || 48 | °003886 | ‘529750 
44 | -0C2122 | -326764 |} 44] 008410 , ‘589819 
45 | -002141 | -380684 || 45 | °008484 | ‘585968 
46 | -0U2160 | -884483 || 46 | °008459 | ‘588904 
47 | -002179 | -8889816 || 47 | °008488 | ‘541988 
48 | -002198 | -842188 || 48 | ‘008507 | ‘544958 
49 | -0C2218 | -345932 || 49 | ‘Oc8581 | 547961 
50 | -002287 | -349716 || 50 | ‘008556 | ‘580961 
51 | -009237 | 858482 || 51 | ‘008581 | “5538945 
52 “009876 857288 || 52} °008605 | °556997 
58 2296 | -86C967 || 58 | ‘008380 | ‘559805 
54 009718 864687 || 54 | ‘008653 | ‘Be2859 
55 | -002386 | -368390 || 55 | ‘008680 | ‘365800 
56 | -002355 | -872076 || 56 | ‘008705 | ‘368787 
57 | -002375 875746 || BT | 008780 | 571665 


5 DEGREES. =| 
Nat, No, mic) Nene: | tate Logariibm Ravine 
0°003805 | 7:586889 
0C3S831 | -5889T2 
C8806 | 586156 
006882 | 589026 | 
‘Wo9,7T | -5918S6 
002983 | 594735 
008959 | -59T578 
008985 | -600410 
004010 | °6038284 
004037 | °606048 
314063 608852 
004059 611647 
"0C4116 614434 
004142 617210 
004169 619980 
004195 622740 
0(4222 | -625490 
*Vb4248 "628284 
004275 | °680966 
004302 | -683692 
004829 | -6364C9 
004356 | °689117 
004882 | ‘641816 
004410 | °644506 
004488 | °647170 
004466 | °649864 
0( 4493 | :652582 
' 655190 
: 657840 
004576 | °660482 
*0046C4 | ‘668116 
"004682 | °665748 
004660 | *668860 
004688 | “67-972 
004716 678574 
004744 | -676168 
‘004778 | 678759 
‘0C4801 | °681884 
(4880 | °688906 
004858 | 686470 
"OC4887 | *689C26 
004916 691574 
004944 | 94116 
“604973 696649 
"CC5OCZ | 699176 
*CO5US1 | =°701696 
*CC5C61 704208 
"005090 706713 
"005119 | *7C9210 
005149 | ‘711700 
005178 | °714184 
*0C5208 | °716658 
0C5288 | -719198 
005267 | :721569 
OC5297 | “724044 
‘0C5827 | -726492 
"C05357 | 728934 
“UC5887 | °73186T 
OCD41T | "T88T96 
005448 | °%86217 
005478 | ‘788680 


ExtTrernaL SEcANTS. ‘ 419 


specrers, |! «prcreEs. || 5 DEGREES. 
Mia. | Nat. No, , bo, athm. |, Min. | Na. Xo beset t Min. , Nat. No. Log r dim, 
0 | 0°s01372 | 7187464 " 0 | 0-0c2442 | 7387728 | 0 | o-0ca8e0 | 75827145 

wolass | 142231 | 1 | -Ou2dez | *s91s46 | 1 B45 | 551916 
2} -yl403 | -L4i073 || 2 | 0.2483 | 801951 | 2 | 06871 | Ssr9s4 
8 | 001419 | “151841 | 8 | 002568 | -89so41 | 8! -aoas9T | “590715 
4; °01434 | -156577 4| 002524 | 42114 | 4 | -003023 | 593536 
5, :001450 | 16129) } 5 | 002545 | 4.5676 || 5 D9GL4G 
6 ‘vuises ; 165073 | 6 | -002566 | 409221 | 6 | -003975 | 599301 
7, 001481 | 170642 || 7 | 002587 | “412751 | 7-| 004001 | “602144 
8 | -oo1497 | 175279 || 8 | -oozcos | -4ie2cs || 8 | -oo40g7 | -604979 
9 | 001513 | -179893 | 9 | 002629) ‘419772 | 9 | 004058 | -6078U5 
10 | -001529 184463 | 10] 002650 | 423261 | 10 | 004080 | °610620 
11 | “001545 , “189048 || 11 | 002671 | -426736 | 11! -004107 | -615427 
12 | -001562 | -193599 |} 12 | -002693 | -480197 | 12 | -004138 | 616225 
18 | °001578 | -19stuT | 13 | 002714 | 433615 | 18] 004159 | 619018 
14} "001504 ' -2026u2 || 14 36 | 487079 | 14 | -004186 | -621794 
15 OO1GLL | 2uTVTS | 15 | OceTdT | -44c499 | 15 | 004213 | -624566 
16 | 001623 211528 16 | 002779 | 443907 | 16 | -004240 | -627397 
17 | ‘ooie4s | 215951 || 17 | 69801 | 447308 | 17 | -oosec7 | -680183 
18 | ‘001661 , 22.383 | 18 | 0.2823 | -450682 | 18 | -ys4204 | -682827 
19 | :001678 | 224738 | 19  -002845 | 454951 || 19 | -o04321 | 635564 
20 | 001695 | 229.95 || 20 , 002367 | -457405 | 20 | -004348 | -639293 
21 | 001712 ' 233185 | 21 | 002889 | 460747 |] 21 | 004375 | -641018 
22 | 001729 | 237750 1! 22 | Ou2911 | -464u77 | 22 | -004403 | -643724 
23 | 0017. 242947 | 28, 002934 | -467398 | 93 | -004430 | -646426 
24} “001763 | 246320 | 24 | 002056 | -470699 | 24] -004458 | -649102 
25 | 901731! 259575 |! 95 | 0.2978 | 473991 || 25} 004495 | -Gnis0 
96 | -001793 | 251306 | 26 | 03001 | “477210 | 26 | -ooasis | - 
27 | ‘001816 | 259029 || 27 | -003024 '| 27 | 004541 | -657158 
28 | ‘001 263211 || 28 | 003046 | 483798 || 283 | 004569 | -659520 
29 | -001851 | 267385 | 29 003069 | “487036 | 29 | 004597 | 662474 
80 | 001869 ' 271586 || 30° -008092 | “49:267 | 80 | -004625 | 665120 
81 | -001887 ' 275671 | Bt -0C8115 | -498488 | 81 | 004653 | -667759 
32 | °001905 | 279788 | 82, sl38 | “496604 | 82] 004681 | “6703888 
33 | °001923 283377 || 88 | 003161 | “499804 | 88 | 004710 | 673018 
84 | ‘001941 | 237951 | 84 008185 | 303075 || 84 | -004733 | 675627 
85 | -001059 | 292006 || 85 063203 | 06233 | 85 | O4T67 | 675238 
86 | 001977 | 293.45 | 86! 003232 | -5c9409 | 86 | -004796 | -GSUS87 
BT | 001996 | 800062 | 87 | 03255) b12558 | 87 | 004324 | -693424 
83 | 002014 | -304064 | 88 | 003279 | Bi5e97 | 88 204353 | -686009 
89 | 7002032 | 308044 | 39 | ‘618828 | 89 | -CO4892 | 6865 
49 | 002051 | 812909 | 49  -003326 | “521910 | 40 | “O04911 | °691154 
41 | 002070 | 815954 || 41‘ 003850 | 32545 | 41 | -ovdot0 | -e9a714 
42 | ‘002)39 | 319388 |; 42 | 003374 | 523140 || 42; -0049¢9 | -690269 
43 | 00103 | 323193 | 48 003398 | 581228 | 48 | ~v1093 | -COssI4 
44} “O2127 | B27688 | 44 0CB122 | 531298 | 44 | UCS.23 | “TulBd4 
45 | 002146 | 831585 | 45 -ovatis | 587857 | 45 | -OUd.57 | -TEBSST 
46 | 002165 | 835422 || 46! 003471. 344799 | 46: 005086 | “7°6411 
47 | 002184 | 839268 | 47 , “OUBM9S 348448 | 47; W516! -TUSg29 
43 | 002203 | 343.99 : 48 003519 ' 346479 || 48 | e546 | 711439 
49 | 002223 | ‘816396 || 49 003344 349197 | 49 | 005175 | “718942 
59 | 002249 50! 005569 | 352508 | 50 | 005205 | 716439 
51 | 002262 63 || 51 ' 03598: d555¢6 | 51! 005935! -T1S926 
52 | 002231 | 859228 || 52 003618! 353406 || 52° 055253: “T2149 
5S | 002801 | 861085 | 58 | 003648 | 361474 || 68 | -005203 | “T2388 
54 | 002321 | 865004 | 54; 003668; 3 ) 54 | :005325 | 726351 
55 | 002841 | 860406 || 55 003608 | 5374:1 | 55} 005356 | °723819 
56 | 002861 | 873100 || 56 | OCBTI8 | 570849 || 56 | -005386 | -731267 
57 | 002881 | 876779 || 57 | 003744 | ‘B73288 | 57! -005416 | 733713 
BS | 002401 | 839445 || 58 | 003769 | 376216 | 58 } 005447 | 136155 
Bg | 002422 | 81593 | 59 | 008784 | 570137 | 59 | -005478 | “738589 
60 | Serves | 60 | 008920 2085 60 | | “741016 


L20 Versep SINEs. . 


6 DEGREES. 7 DEGREES. 8 DEGREES. 
Min, Nat. No. | Logarithm. Min, Nat. No. | Logarithm. Min. Nat. No. Logarithm. 
—eeneeen ee an | a a es i as amines 
0 | 0005478 | 7-788680 |) 0 | 0-007454 | 7872880 || 0 | 0-009782 | 7-9SS199 
1| 005509 | -741088 || 11 -o07489 | -874444 || 1 009772} 990003 
9 | 005539 | -748488 || 91 007525 | -s76s02 || 3| -o0gsos | 991804 
3 | 005570 | -745881 || 8 | -007561 | 878555 || 8] 009854 | 993601 
4 | 005600 | -748220 || 41 007596 | -sgo60s || 4] -009804, 995896 
5 | 005631 | -750¢01 || 5 | -oo7es2 | -scg647 || 8 | 000985: 997185 
8 | -oosec2 | -752074 || 6 | -oovees | -seadse || 6| 009976 998972 
7 {| -cose9s | «755349 || 7 | -oovzoa | -sge7i9 || 7 | -Olo01T ‘ 8000754 
3 | oos724 | -757704 || 8 | -007740 | -gae749 || 8| -O10058 
9 | 005755 | -reo0s7 || 9 | 007776 | -890773 || 9 |: 010099 | 004807 
10 | 005786 | -762406 || 10 | -oo7813 | -so2798 || 10} -Oloted 9 
11 | 005818 | -764749 || 11 | -o07849 | -so4sos || 11] -Oloisi | 007847 
19 | ‘005849 | -767084 || 121 -oo7sas | -s9eci8 || 12| -010293| -009611 
13 | 005880 | -769418 || 18 | 007922 | -sosaea |] 18| -010265 | -011871 
14 | 003912 | ‘771738 || 141 -007958 | -9o0sad || 14] -o10807 | -013128 
15 | 005944 | -774055 || 15 | 007995 | 902891 || 15 | -010348 | -014838 
16 | ‘005975 | 776364 || 16 | -o0g0ga | 904818 || 16| -010300 | -016632 
17 | 06007 | -778671 || 17 | -oos069 | -906800 || 17 | -010482 | -018879 
1g | 006039 | 730968 || 18 | -ovsi0e | 908788 |] 18| -010474 | 020131 
19 | 006071 | 798261 || 19 | -ocsi43 | 910761 || 19| 010516 | -021861 
99 | 006108 | -785547 || 90 | -oosis0 | 919784 || 20] -olo58s | 028397 
91 | 006135 | -787829 || 21 -008917 | 914704 || 21 | -010600 | 025899 
99 | -o06ie7 | -790102 || 22 -008254| 916670 || 99 -010648 | -02705s 
a3 | oosgoo | -792869 || 28 -ooseg1 | 918628 || 98} -010685 | -0B3TS3 
94 | ooeaga | -794688 || 24 | -o0gs29 | 20584 || 94] 010798 | 080505 
35 | -ooeaes | 796801 || 95 | -ooases | 922586 || 95 | 010770 | 088293 
98 | 006297 | -799140 || 26 | -008404| 92448 || 9¢/ -o10813 | -083089 | 
27 | -o06sso | -801sas || 27 | -oos44a | -ga6425 | 97 | 010856 , “038651 
98 | -ooesee | 803624 || 28| 008479 | 928868 || 98( 010993 ; -087850 
99 | -ooeses | -sosssa || 29 | -oossiz | -scggT || 99 | toss | -og0066 : 
30 | 006498 | -sososs || 80] -00 g222T || 80 | -0100ss | -040766 | 
si | 006461 | -losoy || 31 | -oogs9s | 984152 || 81 | -O11ca7 | 042465 
s2 | 00e494 | -si9se4 || 89/| -oosesi | 986074 || 83 | -011070 | -044150 
33 | -‘ooesoy | 814784 || 338! -oos6sg | 937990 || 88| 011118 | -045850 , 
34| 006560 | 816989 || 84| “008708 | -939908 011157 | 047589 
35 | -ovese4 | 819139 || 98 | -008746 | -Q4isi1 || 95 | 011200 
86 | 006627 | 821382 || 36 | -o087s4 | 943715 || 86| 011933 
87 | 008661 | 823521 || 37 | -oogsas | -945615 || 87| -011237 | 059564 
38 | -o0ee04 | 825704 || 88 | ‘008862 | -947511 || 88 | 011831 | 054260 
39 | 006728 | -827891 || 89] -oosg00 | 9404 011874 | 03 
40 | 006762 | -e3005 || 40 | -oos9s9 | 51290 || 40| -011418 | -Od7601 
41 | 006795 | -832218 || 41 | ‘008078 | -953178 || 41 | -011469 | 059266 
49 | -ooes29 | 934879 || 423 | -o09017 | -955052 || 49 | -011506 | 060928 
43 | -ooeses | 936335 || 43 | 009056 | -956927 || 48 | -011550 | -o6a5ss 
44 008807 | -s3ses5 || 44 | 09005 | 958790 || 44 | 011504 | -06s248 
45 | ‘006082 | 840830 || 45 | -009184| -9e0668 || 45 | -o11638 | 065906 
46 | 006966 | -842969 || 46 | -009178 | 962529 | 46} -011682 | -067546 
47 | 007000 | -845115 || 47 | 009218 | 964388 | 47 | 011727 | 069192 
43 | 007084 | 847989 || 48 | -009959 | 966243 || 48 | -011772 | 070836 
49 | 007069 | 949856 || 49 | -009209| -ges004 '| 49 | -O11816 | 072478 
5) | 007104 | 851475 || 50 | 009331 | -pe9e42 || 80 | 011860 | “074118 
st | -oo7ias | -sssss9 || 61 | -oo9s71 | 971784 1| 51 | 011905 | 075747 
5a | 007173 | 955697 || 69 | -009411 | 973604 || 53| 011950 | 077378 
5B | 007208 | 857800 || 58 | -000450 | 975450 | B38 | 011995 | 079007 
54 | 07343 | 939808 || 84| ‘000401 | 977201 || B4| 012040] -080681 
55 07278 | 861991 || 55 | 09581 | 979118 | 85 | -p12085 | -092258 | 
56 | 007318 | -364079 || 66 | 000552 | 980049 | 56| 912130 | -C88S72 | 
5 | -oorsds | -26a163 || 57 | 009611 | -Se276a || 57 | 019175 | 080488 
53 | -00Tsss | -s6s240 |' 58 | -096s1 | 884578 | 63 | “012290 | 087100 
69 | gorais | 970819 |) 50 ooveet | 9sesan | 89 | 012266 | -cesTio 
60 | -oovasa | 272800 || 60 | -00078a | Mes109 || G0 | -Ciss11 | ~oosts 
ig GOOG IE 


EXTERNAL SECANTS. 42] 


| 8 DEGREES. 


———— |) 
Min. | Nat. No | Logarithm. | Min Nat. No. | Taga ithm. Min | Nat Tu iugarithin. 


0 | 0-005508 | 7-741016 , 0 '0-007510 | 7875628 || 0 | O-oceses ' 7-992447 
0.5589 | 743487 | 546 L987 


6 DEGREES. 7 DEGREES, 


006337 
0v6370 {| 804148 | 27 | 8518 930107 » 27) €1975 | CH E91 


1 ; 1] 007 8T718 | 1) -L9st3 , 994268 
| outa | -745850 |) 2] 007381] “8797s2 | 2, oL9910| 996.87 
8 | -ouseoi | -748257 | 8 | -ooreis | -ssiast || 8 | conse | 9979.2 
4! 0.50331 -750650 | 4| 007654 | 983915 || 4! -O19v93  -99N715 
5|- 753054 |) 5 | 007691 | 88597 5 | -G1u085 | Suulb21 
6 | -0u5004 | -755440 | 6| -007727 | 888.29 |] 6 | C10LT7 | -0C3326 
7 | -oud726 | 757823 || 7 | 007764 | 890078 || 7) -01c119| -015126 
8 | 005737 | -Tev197 |; 8 | 0078u1 |} -Syzi24 || 8| -o1ci60| -Oce92t 
9 | -oosies | 762564 | 9 | 007837 | 994163 |] 9 | 10%8| -0cSTI6 
10 | -o0582) | -Tei926 || 10 | ov7s74 | -goc199 || 10 | 01945 | -clL505 
11) -ouss52 | 767238 |} 11} -Ovrvil | -S98280 || 11 | -O1L2eT | 619292 
12 | -005383 | -7eguse | 12| -0v7948| 9.256 | 12] -G10829| -c14u74 
18 | -005015 | 771974 || 18 | -007985| 9.2278 || 18 | 010872) 015852 
14 | -005947 | 774318 || 14| -068022 | 04205 | 14 | -G10414 | 017627 
15 | -vv5979 | -T76044 || 15} 08:59 | Dou807 | 15 | 010457 | C194Ui 
16 | -oo6vi1 | -77s967 || 16] -08.97 | 9oss15 |) 16 | 010499 | (21148 
17} +8134 | 910.18 | 17 | 410542 | -622988 

18 | -~ovdu7e | -783599 | 18 | <wsit2| 912518 | is | <axzss | -Ce4co4 
19 | 006108 | -7s5906 || 19 | 829 | 914212 | 19 | -uiL6zs | 26402 
90 | -006141 | 733206 || 20 | 008247 | 916501 20) 010671 | ~(282L7 
21 | 006173 | 790503 || 21 | ovsess | Qisze7 | 21 | 01714 | 629957 
006206 | 792739 || 22 | 08323) 92270 | 92] 010757 | -€81765 
096238 | “195070 |, 23 | -Ocs3e1 | 922244 |, 28] -O1csio | (28449 
oo627L | 797348 || 24] 08:09 | H4DIG . oA | O1LS44 | 30180 
006304 | -799620 || 25 | 008437 | 926183 | 25] “1/867 | (80926 
801883 '| 26 | 08475 | 928148 | 26) «191 | -(8866t 


| 
| 
17 at 131288 


93 
93 

24 

95 

26 

28 | +9643 | 806396 |) 28 | 018502 | 82061 28] C1118) ~42118 
29 | 006436 | 808645 || 29 | 0c8590 | 934012 || 29] -C11LU2 | -C46842 
So O.s470 | -Sluss7 | 80 | 8629 | 935058 © By) 11106] <47563 
81 | ~vd5I8 | 818199 | 381 | 018668 | 9379V0 ° 81 | 011150 | (47%81 
82 | -0Uu537 | 815354 | 82 | OL87L6 | 989839 " 82} -G1l19d | (4894 
83! -906570 | 817578 || 88} 0C8745 | 941771 | 88 | C1128] (Ki4 
34 | -Ou6dud | 819798 || 84 | 008784 | 9487C1 | 84] OllZE82| 152412 
85 | 006633 | -822)12 || 85 | 08823 | -945¢296 | 85 | (11826 | 654117 
36! -ques71 | 824999 | 86] 0C8862 | Oa7047 ° 86 | -G11871 | “(32817 
87. | ou675 | -826493 , 87 | 0891 | 949464 . 87 | 11416! 57514 
88 | -006T39 | -S2ss21 | 38 | 0v8941 | 951877 | 38] 011461 | -CE929 
89 | -0U6773 | 839418 " 39 | 08080 | 958586 | 39] C116 | -COEG9 
40 | -0u68)8 | 832999 40 | 09.20! 955190 . 4v | -Gild55u | -Cegess 
41 {| -006842 | 833179 ° 41 | 009059 | 957.90 | 41 | 611.95 | -CE4ziz 
42 | -oves7é | -837355 | 42] 9.99 | 958986 | 42) -C1le4u | -CEZ954 
48 | -006911 | -639526 |. 48 | 0U9189 | 9.878 48) -O11C85 | (CEES 
44} -536055 | Sa1c91 | 44! (9178 | -962767 44} G11T380 1 (195.8 
45 | -vco9so | 843851 | 45 | 49218 | 964651 | 45] “611176 | U7: 980 
46 | -0.7015 | 846005 || 46} 9258 | 966531 | 46 | 011821 | -Ucécd0 
av | 07039 | 843155 |} 47 | 019298 | 9684.8 | 47 | “011866 | “(74t15 
4s | 007084 | 85.293 |, 48 | 0193839 | 97.280 | 48 | 011912) -C7E979 
49 | 007119 | -852437 49 | 069319 | 972148 49 | 011957 | 077658 
BO | 097154 | -854571 | 59 | 09419 | -974518 | BO | O1208 | -L79295 
B1 | -907189 | -856700 || 51 | -0C9460 | 975873 , 51 | “012049! (81949 
B2 | -W7225 | 853823 | 52 | 009500 | 977780 , 52 | 01295 (8299 
58 | -067260 | -855912 | 53 | 009541 | 9795838 | 58 | (12140 | (84248 
54| 007295 | -863:55 | 541 009581 | -981492 | 54 | 012187 | -~(8&E92 
55 | 097331 | -835163 | 53 | 069622 | 983277 | 55 | °612282 | -(87534 
86 | -007367 | -867967 | 56 | 009668 | -995119 | 56 | 012279 | (89172 
57 | 007452 | -8693G5 ; 57 | 009704 | -gacene | 57 | 012595 | (9188 
58 | 007488 | 871458 | 58 | 009743 | 988790 | 58] ‘012872 | (92440 
59 | -007474 | 873516 | 359 | -oco7se | -go06i9 | 59 | -o12418 | ~94c60 
60 | 007510 | -875628 | 60 992446 | 60 | “012465 | -G95696 


499 Versep SINES. 


§ DEGREES. 10 DEGREES, | 11 DEGREES, | 


Min | Nat No Loge ihm 


Min, | Nat. No. | Logarithm. Min. | Nat Nu Lu,eikm | 


0 | 0012311 890816 || 0 | 0015192 , 8181622 , 0 | 0-C18378 8-264176 
1 | -012357 . 91920 || 1 -015242| -18s065 || 1] -019498 | 265456 
2| 012498 093521 | 2| 015293 | -184505 || 2| 018184! -266796 
8 | 012448 | 095119 || 3 -015849 | 185948 || 8 | -018541 | -2681938 
4 | -012194 | (96714 || 41] -015395 | 187378 || 4/| -018596 | 269407 
5 | 012540 | 93306 | 8 | -o1 188811 || 5 | 018651 | 270711 
6 | 012536 | 099804 | 6 | 015497 | -190249 || 6| -o1s707 | 272012 
T | -012682 | 10148) || 7, 015548 | 191671 || 7 | 018762 | 2732983 
8) 012678) 108964 | 8 | 015599) 193097 |} 8 | -o18819 | 274608 
9 | 012724 | 104644 || 9 | 015650 | -194520 || 9 | 019878 | -2759'4 
10, ~012770 | 106221 |} 10] -015701 | -195942 || 10] 15939 | 277197 
IL | -012827 | 107796 |] 11 | -015752 | 197861 || 11 | 018088 | -278457 
12 | 012864 { -10936T || 12 | 015804 | -198778 | 12] 019048 | -279777 
18 | 012910 | -110986 || 18} ‘015856 | -200192 || 18| -019101 | -231065 
14 | -012957 | 1125)1 |} 14; 0159.8] -201604 || 14] -019158 | -299359 
15 | 013008 | 114365 |] 15} °015959 | -208c14 || 15] 019215; -233684 
16 | -)13050: 115625 | 16 | -016011 | -204491 || 16| 019279 | 284915 
17 | -018097 | 117182 || 17 | ‘o16068 | 203896 || 17 | -019993 | -2gui94 
18 | -018144° 119737 || 18 | ‘016115 | 207299 || 18] 019385 | 287474 
19 | -018191 | 12.238 / 19 | -o1c167 | -2csesq || 19 | 19442, -2ne749 
20 | -018288 121838 | 90 | -o1c219 | -2iuie8 || 30 | 019409 | -2o0028 
21 | -018286 | -123381 |] 91 | -oteaT1 | -211494 |' 211 -019557 | 291996 
22 | -018388 ; -124927 || 22 | -016823 | 212527 || 22] 019614 | -292566 
23 | 018389 ; -126468 || 98 ‘016376 | 2142.9 || 98 | 019671 | -293895 
24 | 013428 | -128106 || 94] -016198 | 215598 || 94] 19729 | -2ont01 
25 | 018475 | -129542 | 25 | "016481 | 216986 || 95 | 019786 | 296306 
26 | -018528 131074 || 96 | 01 218371 || 96] -019844 | -297699 
27 | 018570 = 13288 || 27 | ‘016586 | 219758 || 27 | 019902 | -29ses9 
28 | 018318 134181 || 298 | -016689 | 221184 || 98| 019930 | 300149 
29 | -013666 | -135635 || 29 | ‘016692 | -222502 || 991 020017 | -B00406 
80 | 018714 | -187176 | 80] 016745 | 223887 020075 | 802661 | 
81 | -018762 | -188695 || 81} 016798 | -225261 || 381 | -02¢133 | 303916 ! 
82 | -013810 | -14v212 | 82 | 016851 | 226698 || 92 | -020191 | -305167 
88 | 019859 | 141726 |] 88 | 016904 | -228009 | $8 | 02250 | 806417 
84} 01897 | -145238 || 34 | ‘016958 | 2293870 || 84| 020808 | -B07666 
85 | 018955! 144745 || 85 | 017011 | 230784 | 85 | 020866 | -308912 
86 | 014003 | -146231 | 36 | 017065 | 232097 020425 | 310156 
87 | 014053 | -14:754 | 37 | 017118 ! a7] aides | “B1i899 
88 | -014101 | -149255 |] 38 | -o17171 | 284817 ;, 88 | 02541 | 812680 
89 | 014149 | 15.752 || 89 | 017225 | 236173 | 391} «o.euo| 1388) 
40 | -014198 | 152248 || 40 | “017279 | 237598 | 40 | 020659 | 913117 
41 | 014247 | 433741 || 41 | 017398 41} 420718 | 816352 
42 | 014996 | 155231 || 42 | -o17s87 | 240280 | 49 | <ou777 | 17387 
43 | 014315 | 156719 , 48 | 017441 | 241578 | 43] -o2cg86 | -g18818 
44| -014301 ' -1592°3 || 44] 017496 | 299004 44} 02.905 | gz. 49 
ra 4 
46 
« 47 o 
* 48 ° 
49 
50 
51 
52 
58 
d 


| 


SSN ee 


Exrernat SEcants. 42% 
9 DEGREES. | 10 DEGREES. I 11 DEGREES. 

Min Net No, Luga: ithm, " Nin Nat No. | Logarithm | Bein | Nut. feu. | Logarithm 
0 0-012465 8§-095696 | 0 , 0°015426 | 8183271 Q | vu18717 | 8272299 
1 | 012512 ; 097820 || 1| 015478 | -1so7z2 || 1| o1s774| 273564 
2 012559, (93041; 2 | -015530 | -191198 2] 018832 | 274899 
8! 01960°5 | «100559 |!) «8 | 015583 | -192658 8! 018891 | 276260 
4 | 012632 ' 102174 || 4] -015836 | 194116 4| 018948 | 277559 
5 | 612699 ; -108787 |} 8 | 015688 | -195571 & | 019006 | 278883 
6 | 012746 | 105895 |, 6 | 015749 | 197023 6| 019.64 | -280213 
71 12794} -107001 | 7 | 015793 | -198476 71 019122 | 281597 
8 | 12841 | -1086u5 8 | 015846 | -199995 || 8] 019180 | -282859 
9! 0128989 | 1109.6 | 9 | 015899 | 201871 | 9 | -019239 | -984189 
10 | 012936 | -111804 || 10! 015952 | -202815 |! 40} 019207 | -985494 
11 | 012984 | -119899 | 11 | 016003 | -204937 | 11 | 019556 | -286513 
12 | 013031 1 | 12] 016058 | 905607 || 12] -019415 | -283198 
18 | 13079 | 116579 || 13 | 016111 ; -207188 | 18] 019373 | 2890441 
14 | 013127 | 118165 |, 14 | 016164 278568 | 14] 019552 | 29u731 
15! 013175 119719 |! 15] 016218 | 210001 |' 456 | 019591 | 292060 
16 | 013993 | -191880 || 16 {| 16271 | -o11481 || 16 | 019650 293866 
17) 013971! -1999°3 |) 17 | -016995 | 12859 || 417] «19779 | 294679 
18 013319 | -1944898 li 18 ' 016879 | 214935 |! 18] 1979 | 295976 
19 , -018867 | -126055 | 19 | 016488 | 215718 || 19 | 019528 | 297276 
20 | 013416 | -127696 | 20 | 016486 | 217180 || 20 | 19837 | 298575 
21 13464: -199193 ' 91! -016540 | 219549 | 911 019947 | -299974 
92 | 013318 180756 | 92! 016594 | 219965 22 | “020006 | -8.11¢9 
93 | -013561 | -139318 | 28 | 016649 | 291380 |' 93 020006 | -8n2468 
24 | -013610 | -188877 || 94] 016708 | -222792 || 941 02 196 | -8. 9755 
25 | 018650 185484 || 95 | 016757 | 221298 || 95] -C20186 | -8.5045 
26 | 0187.5 -136987 || 96 | -016811 | 225612 || 96] -02.246 | -gn68s4 
27 | 013757 | -188587 || 97 | 16866! 907017 || 97] 42:886 | -B°7619 
28 | -613896 140086 || 28 | 016920 | 229421 || 93] +42:306 | -308908 
29 ; 018856 141681 | 29 | 016975 | -229992 || 99 | 027426 | 816183 
80 018905: 143174 || 80 | 017080 | -231291 || 301] 020486 | -811469 
81 -613954! 144714 | 81 | 017085 | 299618 || 81 | 090347 | -819749 
$2 ' 014004 ' -146952 | 82] 017140] 284014 || 82 | 02089 814026 
88 | -014054  -147787 | 83 | 017195 6 {| 88 | 02°668 | -815309 
84 | O141U8 | -149318 | 84! 017250] -298798 || 34! 02.729 | -316576 
$3 | 014153 | -15°819 | 85 | 017305 | -228185 85 | 02.79) | 817848 
$6 | -0142.3 | 152876 | 86! 017360 | -289572 || 85 2 S51 | -819118 
$7 | 014253 | 152900 | 87 | 017416 | 24.957 || 37 | 02 912 | -32.387 
88 | -0148:9 | 135293 | 3g! 017472 | 2223: $3 | ©2973 | 321644 
go | 015353 ' 156941 ' 39! 017527 | 245719 || 89 | 21034 | -g99990 
40 | 01443 | -15 40, OlT5S2 | 245 98 || 40] 02193 | -324183 
41 | 01443 | 150078 || 41 | 1765S , 246474 || 41] 21158 | 325444 
42} 0145038 | -161435 | 42) 17695 | 247948 |] 42] €21218 | -g2G7C3 
43 | -014554 | 162994 | 48 | 017751 | -249219 || 43 | 621280 | 327968 
44} -014605 | -164500 | 44 | 0178.7 | 2350589 || 44 | 21541 | -329290 
45 | 014655 | -166004 || 45 | 017863 | -231956 || 43 | 2143 | -830475 
46 | -014706 | 167505 || 46 { 017919 ' -253322 || 46 | -0211c3 | -391798 
47 | 014757 | -169005 || 47 | 017975 | -ad40s6 || 47 | 021597 | -882979 
48 | 0148) 170502 | 48 | 018.32 | 256547 || 48 | -621589 | -334999 
49 | 014359 | -171995 | 49 | -018:89 | 237307 |] 49 | 021551 | -sg54;7 
BO | -014939 | -173483 || 50 { 018145 | 258765 || 60 | 0217193 | ‘3967214 
51 | 014961 | 174977 || 51 | -01899:2 |} 26190 || 512.| 421776 | 3379.9 
b2 | 615013 | -176464 | 52 | 018258 | 261478 |} 59 | 42183 839211 
BS | -0150 177948 | BS | 018315 | 262325 || 53 | 021900 | -84:453 
B4 | 015113 | -179430 \ 54 | 0183872 | 264174 || 54) 021963 | -841¢91 
BS | 015167 | 18,910 | 55 | 018480 {| 2 BS | 022526 | -842931 
B6 | 015218 | -182387 | 86} 018487 | 260867 || 56] 122.89 | 341167 
5T | 015270 | 185861 || 57 | 018544 { 268010 || 57 | 029151 | -843499 
58 | 015822 | -185343 || 58 | 018601 | 269589 || 58 | 029914 | -s4c6s4 
5@ | 015874 | +1868 59 | 018659 | 270891 || 59 | 022277 | -847865 
60 188271 || 60 | 018717 | 272929 || 60 | 0 849095 


494 VERSED Sives, 


12 DEGREES, | 18 DEGREES, | 14 DEGREES, | 
Min. Na‘, Ne, | sare ile, ‘ aaa Tp “at Noo: Logarithin Min. Nst. Nu: Lagarithm | 
0 | 0621852 | 8829199 | 0 | 025680 8408747 || 0 , 0%29704 | 8-472819 | 
1| 21918 | -84-7u0 || 1 | -c95c05 | -a9s56 |) 1 | -c2071d | 473848 
2 | -¢91974 | 341930 || 21 -cos7e1 | -41C962 2| 029845 | -474874 
3 | -c20984 | -343°97 | 8 | -co5se7| -412ce7 |] 8 | -020916; -475S99 | 
4} 92°95 | 344293 | 41 095899! 418171 4 | 629986} -476995 | 
5 | -022156 | -845488 | 5 | 628958 | -414978 5} 080157 | “477945 | 
b 6 | -0c2017 | -Bducsi || 6 | “02624 | 415974 6 | “CBi127 | -478970 : 
t 7 | 999978 | 347877 7} 26°99 | 416474 | =| “080199, -479991 | 
g | 022338 | -g19ve2 | 8 | c26158| -417573 || 8 | -eace70! -4g1C11 
9 | -022400 | -a5c249 |) 9 | 26292] -4186c9 '| 9 | “03¢841 | -492c20 
10 | -c22461 | -351485 || 10 | -026288 | 419764 || 10] °C8C412| -4gsc4e 
11 | -022598 | 352690 |; 11 | 626355 | -42ee58 | 11] ‘080483 | -484c6? 
12 | -029584 | 855802 12 | 026421 | 421951 | 12 | “C8C555 | -485G78 ° 
18 | -co2e46 | 354984 || 18 | -c26498 | -4oa-42 | 18| -cac626 | -4g6c9l | 
14 | -0227u7 | 856168 , 14 | “026564 | 424181 | 14) “CBccOT -a87ics | 
15 | 022769 | -a57342 | 15 | 026021 | 425219 | 15 | 03.79 -4getd | 
16 | -c92831 | -858518 |; 16 | (26637 | 42659 | 16] ~(3.8il  ~450125 
17 | -022292 | -859393 | 17 | 026754] -427598 | 17 | 68.912  -499138 
18 | 022954 | -B6u867 |, 18 | “026921 | 428477 | 18 | 084  -49114t 
19 | -023°16 | -862%39 19} -o26sss | 429560 |, 19] 081(56 -492148 
20 | 023579 | -863988 || 20 | 026955 | -48¢641 || 29 | °081128 -498153 
21 | 023141 | 864376 || 21 | 027022 | -481722 [ 21 | °081200 -494157 
929 | -c22208 | -365548 99 | -027¢89 | 432900 |, 22 | "031272 495160 
23 | -623986 | -g66719 || 98 | ‘27137 | -438S77 |; 98] °081345 496162 
24 | 023328 , 867872 | 94 | (27224 | 484934 | 24} °081417 | -497162 
25 | -023390 | -8c9°35 || 93} °0272929 | -aseceo || 95] 081489 4981 
26 | -0234538 | 870195 |: 26 “027859 | 487102 || 26 | °C81562 | -499160 | 
97 | -023515 | 371934 || 271 -027497 | -488174 | 27 | “081634 , 500158 | 
23 | -023578 | 872511 || 28 02794 | 439244 || 93 | 081707 | 501138 
29 | 023641 | -873667 || 99 | 027562! -440814 |] 29 | ‘081790 | Sr2148 
8) | 023704 | 874822 |; 80 | ‘027630 | °441382 | So | ‘C31852: Bc8t49 
81' 025767 | -s75974 || 81 | 027698 | -449449 || 91 | -081925. Be41s4 
52 | -023530 | 827195 | 82 | -O27766 | 448514 | 89 | "081998 5.5125 
88 | 23303 | 873275 |] 88 | 027834 | 444578 || 83 | "C8271 -BC611G 
34! 93956 | -879143 |, 84 | “CoT9c2 | 445041 || 84 | *682144 | 507105 
B5 , 024220 | 830509 || 85 | “2toTL | -4467c 85 | °639218 , 508.93 
36 | -024:83 | 881715 || 86 | -028:39 | -447762 || 86 | °082201 8 9.79 
87 | -c2414T | -gs2358 || 87 | -O2siu7 | -44ss21 |] 37 | -osesc4 —Sieces 
33 | 024210 | -sg4n1 | 88 | 023176 | 449878 || 88 | “8248. 511049 
39 «24279 385141 I 89 025215 | 45.935 | $9 | 82511; o1zcae 
40 | 02433 886.27 | COS315 990 | 
41} 62442 | 897417 | at 028832 | 453043 saa 31899 
8, ofte 4 2 of! * Se J (o% e A rt 
43 | 21529 | -835037 || 43 | ‘028520 | 455147 WB2Sub , 515995 
44 | -024594 | -89 5991 082380 | 


hs 
oS 
Ss 
x 
* 
© 
sy 
cs 
ply, 
© 
& 


49 | -029935 | 461425 | 
50 | 029005 | 462468 | 


025630 | °408747 


SSSAISARSSSSSERESLES 


a 
7” 


om oe 
mo 
& & 
a 
Fe 
Oo 
Or Cr 
jak peed ; 
1, ‘ 7 08 ? : 
, Yo] ( Al A) = > ; 
i (Gt get he 
le Ee OS 


60 | 029704 | -472819 


425 
ExternaL Secants. = 


] 
: EES. 
| _19DeGREE.. | 14DEGREES. 
12 DEGREES. - : | —_——_-— Pe One Logarithm 
"ain [Net Sm) tage hf Mi | Nat Ne | tage ft 485015 
Min Nat. No. sold ahem [I Te mi Tet a ETT 0080614 8 
ae re 026304 | 8420028 | 0 486975 
i "aes gee | tl" “gus | aes | ee 
4 Om 026442 ae *4890 
ee eee. ye. ee | -428431 | Z| -oa0ais | aocid7 
Pecrsseoe cecene ke a oonseael Meee ced syaygad \ teapiage 
| 5 | oes | seeus | 5 | 026650 se |. oe | soained 492256 
090733 | gaca3a || 6 | -og672y | 326 081189 | -4938 
Fearn oerasa ih oe | apoerio |. asross | 8 | -o3igis | 494960 
7 | °022736 | 357669 | 8 | 026859 | 420084 | 8 08129) | 495410 
8 | °022319 ; “859374 | 9 | 026928 | -430209 | 9 031366 | -496459 
Bee renee oe) Dees | ciety Hf a | opeaaas: | -sagrsor 
10 | 022077 | 961801 | 10) 020008 | 81894 Ws ta -cgaisie |S ques 
11 | °023042 | 862513 | 12 | °027188 | -488580 | 12 031594 | 499600 
Api aacteg’ | cateeuag: tqac\weraoe: | asarGy | aa sosters | songs 
14 | 033295 | 08183 , 14| “0217S | 485810 | 45] osi7a6 | ‘Sot6ss 
14 | °G23235 ; 386188 | 15 | 027349 | 486987 |} 15 031899 | 502780 
15 | °023299 867345: 16 | 027419 483055 } 16 031899 | 508770 
Peete t. opeeee He sel npavagnill< caoiee | ts | oeior> | -bogsi0 
18 | e200, | -ovevoa || 16 | -oatoeo | -agogea || is 032052 | 505849 
18 | ‘023994 | -870952 19 | °027631 | -441897 | 19 082128 | 506897 
ay | bagees | crams || a0 1 torres | Zaps0s | 90 032205 | 507928 
20 | -028624 873348 21 | ‘027773 | -443619 | 21 082282 | “50S958 
aT | eeatee | oreman doe ceavecn | ciaerer tae caaeaey congue 
33 | -woseop | evens. || ap | terois | -aaneaa | $4 | ‘32436 | Siic3s 
23 | -023820 | -876942 24 | 027986 | -446041 | 24 032513 | 512058 
24 | 023885 | 878128 | Bo “OM0BT | ads0as |) 95 | DeeaTS | eras 
36 | “vasnte | -pooses | a¢-| -oasiay | aagia || 26 082668 | “514119 
By paaine h- poteen. Wrcae | eageoay: | apeeag: Pt 082745 | 515148 
Qt | 024162 | 891689 | 93 | -098972 | -451859 isan loapeasan |’ Seaeia 
23 | 024148 |. B92874 | 98 | “029272 | 451859 cee appete dt elon 
29 | *024214 | -884058 | 3) , 028415 | -458551 || 89 032978 | 518295 
Ce et Lae 32 | 033006 | 519249 
| ‘oaadie | 07600 || ga | -oasosy | -ansras | 33 | -0ssise | “520272 
82 | °024412 887600 I 83 | 028681 496838 ‘| 88 082212 521294 
Bh eel cpanel gneraa: : anrest Oy iepescoa'l.  eoaeie 
or gaeit | ppiies | os | oases | -apooee : 36 | 083363 | 593834 
Bo neared: eee 86 | *023243 | 460118 | 36 “O3344T | 524858 
36 | ‘024678 | -892302 |. 87 - °G23920 | -461203 |! 37 083525 525370 
ea Sti! aotain: karl. “oaeome > ageene.. | 83 | -083529 . 596986 
38 ‘021311 eat i 029063 463378 | yi page 527491 
89 | °024378 396979 (| 40 | ‘029138 | - sav’.i 41 | 083761 | 528416 
41 | -oasme | 308148 | 4l | “papas | “ag6esi | 42 | 033840 S304 
43 a5)TD | -b9egi0 | 42 | “Ga0es4 | 40608 44 | -us3003 | “Data 
2) Gate | oes da! ‘029508 | -as0s72 | 45 | -081)TT et 
OF ad 2 4 ° > ° of \* De 4 i 
as | ‘assas | “Aioesd | 45 | -ogosrt | -4roos9 | 48 | anise | sieiT 
46 | 02 . 47 | 029650 | 4 | 034815 | 585455 
47 | ‘025416 | -405110 | ude ae aa ee Be 
| tea eat | 8! ae) Seer | | See Se 
49 573 | 84 029871 : “084554 538493 
50 | °025620 | 408578 | BL | 029945 | 476822 | 52 034384 | 339501 
51 | °025688 409725 | 59 | 080019 | :477892 ! 52 34714 | “B40501 
SE ee are pal opgtaatl agree ea acta lospiieea 
58 | “020824 | 412924 53 67 | 479081 || 54] “0: 542501 
- oa5061 | 414sie | 55 | 080241 ‘Sloss || 86} 034054 | 543199 
55 | 0 be " 9315 | 48 5 544496 
at] ets | une | ar | ee | or | er | os | sui 
B7 | ; 285193 | 16487 
| patags atisae: eo’) ose | ‘Seok. || eo | 085976 | 54748 
9 i “02. ht 4) ° | 
60 | "026804 | 420028, 60 | “080614 | -4859 | 


ce 
a 
* 
a 


26 Versep Srves. 


15 DEGREES, __ 16 DEGREES. | 17 DEGREES. 
Min. | Nat. No. Logarithm, || > in Nat, No. I Logarithm, Miu. Nat Nu. | Logarithm. 
0 0084974 | 9582125 | 0 | 0-088788 , 85398140 0 | 0:048695 | 8: 
1 034150 | 383384 1 “088818 | 599) 1 | °G4378) | -641279 
2 034295! « 21 -088s99 99936 | 2 | 043965} 642128 
8 034300 | 585299 | 8, -088979! 590888 || 8] -048051 | 642966 
4 034876 | 386235 4| 089060 | 591723 | 4/ *041086 | -618809 
5° 034452 | 387210 || 5 039140 ; 592623 5 | 044121 | -644650 
6° -034597 | 538168 || 6] -089221 | 593517 6! 044207 | -645491 
7 -034608 | 339116 || 7] -08939 | 5914.9 71 044292 | -646880 
8' -084679 | 340068 8 | -089352 | 395301 || 8] ‘044878! -647169 
9, 034755 | 541018 | 9 | 080463 | 596193 | 9 | -044464 | 648008 
10 , -084931 | 541983 | 10 | 080544 | SO7C88 || 10] 044550 | -648845 
11; -084997 | 542916 | 11 | -089625 | ‘S97971 | | °6496 
12° +034988 | 543868 | 12] -089706 | 593359 ; 
13. 035960 | 344839 | 18! (89787; 599747 
14 085186 | 543735. | 14 | 039869 | 600683 
1o 085213 “ j "I 
16. -035289 | + : 
17° -085366 5 
13. -035443 
19  -083520 | 
2); 085596 . | 
21 | 085678 . | 
22; 083750 . 
93! -085897 | 
24! 035905 , | 
25 | 085959 Q | 
26 | 086059 
27 | 086137 | 
23 | -036214 . 
29 | -086293 | 
3) | “036370 
81 | -086447 | 
22 | "036523 . 
83 | 086698 | | 
34 | “086631 
35 | -086759 
86 | -086337 7 | 
87 -036916 . 
88 | 030094 ee | 
80 | -087072 . 
40 © 087151 049, | 
41, -037239 042: : 
42 | -087318 “04; | 
43 1 "O8T38T i 
44' 087496 0 : 
43. 087345 
46 | “(87694 | 
47 | “087708 
43 | “037732 | 
49 | 037861 “04: | 
5) | -087919 | 
51 | 083320 04: 
52; °033100 . | 
58; 033179 | 
541 033259 049 | 
55 | 088333 | 
56 | -088418 | 
BT 033198 | 
5S! -03s37 | 
59 | -038658 . : 


| 
| 
60 | 038738 


Exrernat SEcants. 49" 


| 15 DEGREES. 16 DEGREES. 17 DEGREES. 

Min. _Mia. | Nat. No. “atin | at No | Loparihn Pessrithi | i Min. ttn | Sat No | Nai. No. Logarithm, | Min. | Nat No. | tera alia 
0 | 0-035276 | 8 547481 |! 0 | 0-040299 | 8°605299 0 | 0-045692 | 8659888 _ 
"085 548478 || 1] 040886 | 606238 1 "045785 660721 
2| -035438 | 549466 || 2] 040478 | °607167 2| 045978 | -661604 
8 | -035519 | 550457 || 81 -040560 ' °608100 8! (45971 662483 
4| -0856)0 | 351447 4| 040647 | “609082 4} 046065 | 668867 
5 | -035681 | 552486 | 5 | 040735 | 6.9968 5 | 046158 | 664247 
6 | (35762 | 53123 |, 6 | 04.822 “61/898 6 | €46252 | -665127 
7| 35843 | 554400 | 7/| 040999] -G11822 7] 046845 | -666C(5 
8 | -035925| 555896 || 8 | -040997 | -612750 8 | 46489 | -666583 
9 | -036006 | -556881 || 9{ :041085 | °613679 9 | 046583 | 667761 
10 | -036088 | 557364 || 10| 041172 | ‘614605 || 10] -C46627| -66S6°7 
11 | -686170 | -558347 || 11] 041260 | 615580 || 11 | 046721 | -6C9513 
12 | -036252 | -5593298 || 12| -041948| ‘616455 || 12} 046815 | -6748S7 
13 { -036934! 56:39 || 181} -041487| ‘617890 || 18] 4c910' “671261 
14 | 086416 | Se1289 |; 14} -041524 | 618802 || 14 | C476c4 | 672185 
15 | -036498 | 562267 | 15 | -041613 | “619224 | 15 | C47(99 | 673.18 
16 | 036580 | 568245 | 16 | -o4i7¢1 | 620146 || 16 | 047193 | 673879 
17 | -035662 | 564921 || 17| -041789| -62in6s || 17 | -Ca79S8 | ‘6747: 
18 | -036745 | 565197 , 18] o4isTs | “621982 || 18; ‘47583 | -675619 
19 | -08(828 | “566172 || 19 | o41967 | “622005 | 19 | 047473 “676492 
20 | -036910 | 567146 |; 20, C4255; “€25922 | 20, 047573 | 677858 
21| 36998 | 568118 21 -o4oi4s | 624739 ' 211 -O476c8 | -678296 
22 | 037076 | ‘569.89 | 22] -042993 |} 625055 22 647763 | -679( 93 
28 | -087159 | -570060 | 23 | -042322 | “626570 | 28, 047859 | 679960 
24 | -087242 | 571080 || 24 | -042412 | 697484 | 24 | C47@54 | “680827 
25 | -087395 | 571999 | 25 | -049501 | 628898 |, 25 -048C50 | -681¢90 
28 | 037408 | 572967 || 26 | -04259) | 629810 26 | 048145 | “682558 
27 | 087492 | 573937 || 27 | -o42cso | “680222 | 27 | 048241 | -C88417 
28 | -087575 | 574899 || 28 470 | 631183 |; 28 | 048887 | -6s428S0 
29 | 087658 | -575868 || 29 -o4esr9 | -eser43 | 29) 048493 -685149 
B0 | 037742 | 576827 |, 80 | 042919 | 682952 || 80] C4s5e9 | -asécce 
81 | -087826 | 577799 | 811 -o4snc9 | -689961 | 81 | 048625 | 686862 
82 | 037910 | 578752 || 82] 043129] 684768 || 82 | ‘048722 , “687721 
83 | -037994 | 579713 || 83 | 048219 | °685674 || 88 048818 | 688581 
84 | -083078 | 580678 || 84 | -0498 9 | ‘688580 |, 94 | C4915 | -680488 
35 | -038162 | 581631 | 85 | -0484-0 | °687486 | 85 | (49011 | 691.296 
36 | -033246 | 392589 |, 36 | 043490 -6sess9 | 86 4918 | €91153 
87 | -038381 | 93547 || 87 | 043590 | -e30202 | 87 | C492cd | -co208 
88 | 038415 | 59452 88 | 048671 | “640195 | 38] C99°2 | -692808 
| 89] -088500 | 585458 |’ 89] -048762 | “641796 || 89 | ‘C49r99 | “698717 
40 | -038585 | 596412 | 40 | 048853 | -641997 || 40] (49296 , -694571 
41 | -088669 | ‘537365 || 41 | -048048 | 642590 41 | ‘€49593 | 695424 
42 | -088754} 599318 | 42 | 044095 | -648796 | 42] -C49691 | -696276 
43 | -988839 | -5eg269 || 43] 044126 | -644694 || 48| ‘049788 | -€97127 
44 | -038924| -bo0219 || 44 | 044017 | “645591 || 44| ‘C49ss6 | -CO7978 
45 | -039009 | 391169 |; 45 | -0443:9 | 646488 |, 45 | “C4993 | -CosE29 
46) -039205 | 392117 |; 46 | 044490 | “847384 | 46) “C5OCS1 | 699677 
47 | -039181 | 593075 | 47 | 044491 | -e48272 || 47] 050179 | -70(526 
48 | 039266 | ‘594012 | 48 . 649173 || 48 | 050977 | 761873 
49 | 039351 | 594958 | 49 | -044676 | -e5cn76 || 49 | 050376 | -7¢2220 
50 | 039437 | “595972 |! 50 | -044767 | “650958 |, 80 | C4c4T4} -7°3066 
B1 | -939523 | 596946 |) 51 | 044959 | “651850 |! 81] 05¢572 | “708911 
52 | -039603 | “boT7S9 || 52 | -044951 | “652741 | 52 | CSccTi | -Te477 
58 | -289695 | 593781 || 58 | 045043 | -653680 || 58 | ‘5°769 | -705600 
54 | -039731 | -599672 || 54 | -045196 | -634520 || B4 | ‘O5c868 { “706444 
55 | -039867 | -g00612 |) 55 | 045228 | ‘655408 || 55 | 056967 | “707287 
039953 | -601551 |! 56 | -045821 | -656296 56 | 051066 | -7¢8128 
BT | -043049 | 602499 |) 57 | -045418 | 657188 o7 051165 | -7¢8969 
53} -249193 | -60849 BS | C4556 | -658749 en1e74 | -Trgsin 
59 | -0492°3 | -6x42683 |! 59 | -045599 | -659953 051868 | 710649 
60 | 04.299 | 605209 | 60 | -045602 | “609838 3 051462 | 711489 


2B Verszp Srves. -- 


a 
=_ 
i“) 
(73) 
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[vo] 
iw) 
=) 
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060308 


18 DEGREES. - 19 DEGREES. | 20 DEGREES. . | 
Se Ae pee ee ag ee | ' 
Min | Nat No sens Flom | Min, | Nat. No. | Logarithm. ° Min. Nat No | Loga: ithm. | 
0 | 0048944 8-689694 0 | O°054481 | 8736248 0 | 0-060803 | 8-T80871 
1 | 049:88  -69:493 1 | 05/78 | + -787008 1! 0604.7 | -781¢87 
2 | -049193 -691998 || 9! -o54s71 | 787758 || 2 | 06:507 | -781862 
8 | -049218 ' 692034 B | 054766 | -739510 8 | -060696 | -789517 
4 | -049304 ' 69295) 4| ‘054861 | 739263 4, 060706 | -788232 
5 | 049394  -693674 5 | 054956 | 740014 ||. 5 ~60s06 | -788945 
6 | o494sa | -co4ser || 6 | 055031 | -t40766 || 6 | 060996 | 784659 
7} 049575 | -695260 || 7 | 655146 | 741517 7 | 061006 | -7853871 
8 | o19365 | -696059 8 | 055242 | -742266 8! 061106 | -7386082 
9 | 019756  -696848 | 9 | °055337 | 06 “T86 
10 | “049346 ; °697683 || 10 | 035439 
11 | -049937 | 698423 | 11 | -055597 
12 | 050928 | -699218 || 12 | -053098 
13 | -039119 , -To0col | 181] -GB5719 0616) 
14] -056210 | -700788 || 141} -0339185 176 
15 | -059301 | -701576 || 151 -ossoi1 | - ; 
16 | 053892 | -702861 || 16] ‘056007 | -748: i 
17 | -050488 | -703147 || 17 | -05¢108 | -74: . 
18 | -05¢574 | -708931 | 18] 056199 | -74979 | 
19 | -059666 | -704716 || 19 | -053995 D473 | 2 
2 | -o80757 | -705498 || 20 | 053391 | -751213 | 
91 | 056849 | -70c@82 || 211 -053483 | 75 
22 | C5941 | -T07068 || 22 |) “056584 | “Td: | 2 
23 | 051032 | -707845 || 28 | 7056681 | -750436 | 
24 | -051124 | 708624 || 24 | “050777 | -75 | | 70627 
25 | -051216 | -7c9404 || 28 | "050874 0625 
28 | -051388 | 710198 | 26 | -covori | 
27 | -051430 | -710961 || 271 ‘0d57068 | - - 
23 | «051499 | -711789 || 98! ‘057164! -7: | 
29 | 051581! -712516 || 29! ‘057201! - 
39 | -051676 718991 | 30 | -057353 | -73 
$1 | 051769 714067 | 81} “057456 | - : . 
82 | 051861 ; ‘714842 || 82 | 057558 | - : 
83 | -051953 | -715615 | 38 | 057650 | - : 
84 | -052046 | -716889 || 84] ‘057748! -7615: 
85 | 05212 ‘T17162 85 | °057845 | . 
86 | °352232 | -717933 || 36 | °057942 | -73¢ 
87 | 052824 | 718704 | 87 | 058940 : | : 
8S | “052417 | -719474 || 88} ‘058198 | - 
89 | -052510 | -720244 || 89 | ‘058236 | -765 | 064 
40 | -052608 | -721018 || 40 | °053334 06 
41 | -052697 | -721782 || 41 | 058432 I 06 
42 | -052790 | -722549 || 421 -0dS530 | 
43 | -952888 | -728316 || 48! ‘O5sca8.—=é- 06463 
44] -052976 | -724:82 || 44 ‘0587261. -76S . 
45 | -053v70 | -724948 || 45 | “059804 | - ; 
45 | 053163 | 720618 |) 46 | 058922 | 774 . 
47 | 858257 | -T2037T || 47 | 059021 | - | 7 
48 | 053351, -727149 | 48 | ‘059119 
“9 | -058444 | -7279.3 || 49 | 059218 0652 
5! | 058558 | -729666 || 50 | “059316 | 
Bi | -C53052 | -720497 || 51! 050415 i 
62 | -COBT26 | -73v188 || 52 | -050514 . 
53 | <53S29 ! -733047 || 581 059613 | - 
51 | -659015 ' -731706 || 54] 059712 | - 
bS | S49 | 732465 || 53 | 059811 
53 | -054163 | °733224 || 86 | -059910 
060169 | 


eee, 
ee 
eS NT 
- 

rs eee, 


° 
ExternaL Secants, 4° 


19 DEGREES, jeprorers, | a0 DEGREES, 
Min. Nat. No. | vogaritm ; tin, | Nat No | Legsstom | win |_ x ce [ees 
ee ee = Anh LG4178 | 8°Si78S8 
goss | Omuee | Omran | ene ovens aa 
1 | -05156 “elon th 7” 064458 | -8°S9.8 
g | <51661 | “718168 Fetes ena 3 | Geil | $9609 
8 | 05 UL 702 0646 $1040 
4 | -051851 | 714838 |; 4 pede eines : 5 wets $1119) 
Bl ee Oe a Oe eee. 6 | 664356 | 811950 
; | ae a : | 058305 | 766152 f° 7 | Gih:909 eS 
Coz ae tee ‘ll ks ee 766945 8 | 06.83 | 813465 
' £50251 | -T1S175 | 8 + 058472 | “66945 | 06. $14994 
9 | coa361 | 11908 \ 9 | DOT ieee can cua ore 
BO ee th ee erly Ga peers | Ueopeaa lr sie Uacetees leceiseee 
Fh corre li tointa? edge copeeae lic rei. fark need eine 
18: coares | ozs i 48 | bone | thane | 4g | Dobeoe | sires 
' £52763 | -722 271095 5766 | “818.438 
14 052054 | “123100 | is | gpm | raed a6] oeoeet | stores 
18. coos | aaisir |, 16. o9o380 | -Tr3%2 || 16 060095 | S191! 
16 9605768 | “Td i! NP adat mare | -06611 *§2 26.1 
17 -(53167 | 795014; 17 | -759188 rca: tect eeoee |etire 
13 festa | saver « 39) geveoa | Arsese || ao! cease | cartes 
19 0588 ed ae 62 | 76421 ' 9)} 066454 ' -929591 
2) -COS4TL | “28192 | 20, 050762 | 776491 569 | “$25272 
Be oe | ten ls oe Sept | sae any Weel cereale corse 
22°' 053675 | 729770 | 28 TIBTIT S00 | “824773 
98 <55T77 | 735 | 28 60087 Tr9561 |, 94 | 06cdIS | -sasees 
Serle See de ee ee 
2 (5081 | -132237 60. 781127 || 96 | 067146 | -827019 
$5 1 coaver | qoaces | a5 ' -oeuean | -teaeap || 5 | Dersre | -geasna 
S| -(54987 | 734608 | 98 | -060630 | “76960 z 299 
99 | 05459) | PE eee ee | eergey sli ee | cogeere | hupeneno 
Oy ipeasae i aciee vicaee d-cnerese (ic teeta cee aperten: | yaanee 
33 | (i008 | THOT) | BB | eioes | 485810 | $2} 061812 ‘$3149 
ea 3s7a5 | 88 | 77 786588 | 38} -067953 | -839949 
Sr ema [e neinee or cere ic ceeey et apes eel eerie 
B4' 05494 | -T346c2 |) 84! -co12sT | “757387 || 191. | -Bsa790 
85 oan | T4047 || 85 | 061997 ass0i3 || 90 | 0083°8 | Sautza 
Br eons | -ig0ed SP! oelels | -teoeee | Sr | o6si95 | esata 
87 (55218 | 742044 |; 87 pubes 79'472 | 93] CeSt2 | -B350c7 
Be Sree: cramped po seRiGaee fraisiy © sen | cacecapnaserae 
89 = 0554201 -743670 |) 89 061837 | 799791 |) 49 | 068775 | -Ss7439 
By. eo tag | se esea cls ard engi soseee 41 | Cc. .93 | 838178 
a1 55008 | 115293 {4 xeres | ages | aa | ced 1 | eBoaie 
42 8097382" T4513 1 42 c621¢8 m 1349 | 43 | 069129 ' “839553 
43 COG T4912 | 48 Gs209 | Seu 44 | 069947 | “40897 
BE | aH ae [0 OO eS 45 | -0c9304 | “841185 
48 acs “449838 48 | 263619 a9cus4 | 46 | 060482 | “811871 
ora Soeeoea il cyangas 2728 | -To7404 || 47 | 069600 | -s126r8 
47 | 056258 | *750145 47 poe re 793197 | 48 | -069718 | ‘849345 
48 256857 | “15'951 || 48 | 062834 | rosgse || 49 | 009930 | Bese 
49 00463 | TOITOT | 49 | 002085 799731 || 5) | 060955 | ‘844817 
Be Renate |. Weseer Ik Ru peeiea 1 conmuto sill. eeult corseros it heap 
51 | -050672 | 753867 || 51 063168 Siar 076199 | -846287 
01267 || 52 | -070199 
By i ccopeseee | cyeaprail! unt egeeeeill cappronc litte guest | cea, 
53 | -056ssa | -754978 |! 58 063392 | -8025 70430 | 47754 
Bt 050987 | T5716 | 54 Tesete | Ce eses ‘| ba tesa “oainiar 
oa | ‘Dsriea | sree) || be! estas | ‘sosasi || be | -orcess | sipeo0 
56 58 895004 || 67 | 07787 | -849952 
Br | 00784 | T5181 | 57 | goad | 995004 pe ea 
58 | 057409 | -758980 || 53 | 063958 0 719% 1 -B51414 
be | 0orsis | Toot | 58 | -Oo4nGs | gosae1 || b9 | -Tr1'9 | abt44 
60 | -OS76R1 | 760878 || 60 | 064178 


30 . Versrp. Sings; 


21 DEGREES. 293. DEGREES. | 28 DEGREES. | 
a — | 
hin, © Nat. No. | Logarithm. Min. | Nat. No | Logarithm, || Min. ' Nat. No. | Logarithm 
0 | 0-066420 8822296 || 0 | 0072816 | 8862227 || 0 0079498 sg rasan 
1 | -066594 , 822977 1; 072025 | ‘862677 || 1 | 79609; -Sorg62 . 
2 | 066698 | 823658 2) 073084 | 868526 2 | 079728 | -901582 
8 | -066733 | -824338 8 | 073148 | ‘864175 8 | 079887 | 909201 , 
4 | -066887 | 825018 4| 073258 | -864828 4 | ‘079951 | 1: 
5 | -066942 | 825697 5 | 078862 | 865471 5 | 080064 ' -gugasg ; 
6 | -067047 | 826376 6 | ‘073471 | -866118 6) v8cl78 , 904057 
7 | 067151 | ‘827054 7 | -073581 | -866765 7 | -080293 | -904675 | 
8 | -067256 | 827731 8 | -073(90 | “867411 8 | 804u7 | .9C5893 | 
9 | -067361 | -8284.9 9 | -073890 | 868056 9 | (8°521 | “905910 
10 | -067466 | -829085 | 10 | 073910 | -868701 | 10 | C8686, 906587 
11 | -067571 | 829760 | 11} 07420 | -s6os46 || 11| -osc75n  9r7i4s 
12 | -067676 | -830486 || 12) 074180 | -g69991 || 12 | -c8r86s  -ga7758 
13 | 067781 | 881110 || 18 | 074289 | -87ves4 || 18 | C8979 -9rag74 | 
14 | -067887 | 881785 || 14 | -074849| ‘871977 | 141 -C81:91 9. 
15 | 067992 | .882459 || 15 | -074460 | 871920 || 15 | ‘asI2°9 © -9°96r3 | 
16 | -O6SC97 | “833131 || 16 | -074570 | ‘872562 || 16 | 061324 910216 
17 | 068208 | -s3ssoa |} 17 074680 | 878908 || 17 “081429 -91rss0 : 
18 | -068309 | 884476 |, 18 | ‘074790 | -878845 | 18 | ‘(81554 911448 
19 | -068415 | 885148 |, 19) “074971 | 874486 | 19 | ‘cBi6Ca ‘919056 
20 | -068520 | 885819 |, 20 | 075011 | -875126 || 20 | "081784 912668 
21 | -068626 | -886489 | 21 | 075122 | -875766 , 91 ‘(81299 -9182T9 
22 | -068732 | “887159 || 22 | -075289 | 874405 , 29 | (8214 —-91889) 
23 | -068838 | “887829 || 28 | “075848 | -S77r4i || 28 | 089180 -914501 
24: -068944 | 888497 | 24 | -075454 | ‘877082 | 24 | °089945 915971 
95 | -0c9'50 | -sso1s || 95 | -o75865 | -e7ssen i| 95 | -oses61 . -916791 
26 -6915T | 839888 || 26 | 075676 | “SiIS957 | 96 | “CS2476  -D1E8S1 
27 | -060263 | -840501 || 27 | ‘075787 | -s79594 || 97 | ‘082502 -p168°9 
23 069869 | -841167 || 23 | “075808 | 880280 | 99 | ‘ogeTcs, -917548 | 
29, 000476 | 841884 || 29 | -0760C9 | . 887866 | 29 | 0 | “18156 
30, -069582 | 842499 || 80 | -07G121 | -8s15c2 || 89! -asco4o | -ongzes 
31 | -069089 , 848165 || 81 | 076239 | 882187 || 31] -c8sr36. -Q19871 
82 ; -069796 | -843829 || 82 | -076848 | -889770 | 82 | 088172. 919977 
33 | -069908 | 844493 || 38 | 076435 | -883405 |] 83 |--c88988 ° -9o°RR8 i 
84 070010 | 845157 || 84 | 076566 | 894088 | 84 08344; -gETTED 
35 | -O7C117: -842820 || 385 | -076678 | -884670 | 35 ' 089521 | -991795 
83 07.224, -846488 || 86 | 076790 | 885308 86 | 088687 ' -999400 
87, «7.381 | 847145 || 87 | 75902 | -885985 || 87 | ‘O8u7d4 928004 , 
88 | 070488 | -847895 || 88 | 077014 | -sse567 || 88 -C8S871, -gogec9 
89 | T0545 | 843407 || 89 | -O77195 | -es7197 || 89 | 083087 924919 
40 | O7¢653 | 849127 || 40 | 077287 | 887828 || 40 | “084104. 924815 ° 
Al | -070700 | 849787 || 41 | -O77850 | -8ea458 | 41 | 084291 995418 
42 | 070867 850446 || 42 | 077562 | -8S9088 || 49 | 084887 -926020 
48 <7°975 » 851136 || 48] “077574 | -889717 || 48 | -084434 924098 
44| -O71CS3 | 851764 || 44 | “077687 | -890346 || 44 | “(84572 -OBTADE 
45 | -C71190 | -852492 || 45 | 077799 | -89r974 | 45 | 7084689 | 927924 
46 | -071298 | -853079 || 46 | 077012 | -891602 || 46 | ‘084806; 928495 
47 | “071406 | 853735 |) 47 | 078024 | -892229 ||. 47 | -0849298! -p20025 
43 071514 ' “854391 | 48 | 078187 | -892856 || 48 | 085040: -9290R5 
49 | 71622 | 855048 |'. 49 | -O78250 | -s93482 | 49 | --os5158' -o8caos 
5) | -S71730 | 855703 || 50 | -078868 | 894108 | 50 |--085e75' -ggnges 
Bl | -071889 | 85 | 51} O7sa76 | . 8047e4 |). 51 oss -g81402 
52 | 071947 | .-857012 || 52 | ‘078589 | -805858 || 52 085510 989019 | 
53 | 072055 | 857665 || 58 | 078702 | .-395083 || 58 --osseRs - 7 
B4 | (72164 | 858319 | 54 | -078815 ; “896607 || 54 | - 085746 -BBaRt4 
BS | 072972 | -enso72 | 55 | -OTs028 » .-so7aB0 ||. 36). -nenes4 - esas | 
56 | -0723S1 | 859624 || 56 | 079041 | 897858 | 56 | --08508R  - -B4eC7 
57 | 072490 | 860275 || 57 | -079154 | -803475 || 57 |. -o8at00 ; -eaors | 
58 | -072508 | -86°927 || 58 | -0T9263 | . s99ce7 || 5a |. -osaets ' --osssoR | 
59 | “072707 | 861578 || 59 | 079882 | . 699719 ||. Se |. 80886 | - B8etes 
60 | 072816 | 862227 || 60 | 079495 | 60 |- 06Q854 | OBSTET | 


ExrernaL SEcanrts. 43] 


sipEeREES,- || 02 DEGREES. 283 DEGREES. 
. Min Nat Nu, | 1. Min. | Nat. No. | Loga.i hm. Nin. | Nat. No. , Logarithm. 
| © |0°071145 | 9-959144 0 | G-078585 | 8995061 0 | 0286860 | 8°936314 
1 | -071285 | 859874 1 | 078663 | -895762 1 | 086195 | 936990 
3 | -071384 | 833633 2| 078789 | 896462 2 | -ossce9 | -937063 
8 | 071504 | -854362 8 | 078916 | -897162 8 | -086768 | 938386 
4] -071624 | -855961 4 | 079943 | -897362 4| -0gcs93 | -939910 
5 | 071744 | 855788 5 | 079170 | 898361 5 | 087033 | -9396S2 
6 | 071865 | 856516 6} 07297 | -S99a50 6 | (87167 ' -940353 
| 7 | -071935 | 857243 7! 079423 | 899957 7 | 087302 | -941025 
81 072103 | -857969 8 | 079533 | 920635 8 | 087487 | -941697 
9 | 072228 | -833693 9 | 07968) | -991951 9 | 87578 | 942368 
10 | -072347 | -59429 | 10] 07988. 9.2348 || 10] -O87798 | 915949 
| 41} -072468 | 86.144 11 | 079936 | 9.2744 || 11 | 087643 | 943709 
12 | -o72389 | -s63869 || 191/ -osvces | 903441 || 12 | -o87079 | 944879 
18 | 072719 | -861592 | 18 080198 | 924135 || 18] -C88115 | 915.49 
14| -072831 | -899316 |) 14| -083521 | -904889 || 14] 08s251 | 945717 
15 | -072952 | 863039 | 18! 089450 | 9.5525 || 15] 88387 |; 946386 
16 | 073374 | 863761 16 | 683578 | 926218 || 16} -683522 | 947.53 
17 | ‘073195 | -864493 |} 17 | 08077 | 9.6911 | 17 059059 917722 
18 | 073317 | 865204 |, 18 | -08:836 | 997605 || 18] -08s795 | 918399 
19 | “073189 | 865925 |, 19 | 081965 | 90szea | 19) 088033 | 949957 
2) | “073531 | 806646 |, 20 | 081094 | 908999 | 20 | 089968 | -949728 
21 | 073883 | -867365 |; at | 081223] 9 9681 | 21 | 089205 | -9598S9 
92 | -0738)5 | -868088 92 | -081358 | 910373 || 29 | -0803842 | -951054 
23 | °073927 | -358304 || 98 081482 | 911068 || 23 | -080479 | 951720 
24| 074949 | -869521 | 94! 081612 | 911754 || 24 | -089616 | -952384 
25 | ‘074172 | 870289 | 2 | 081742 | -912444 | 95 | -Os9758 | 953049 
28 | 074204 | -87.956 |' 96 081872 | -918188 || 296] -C89S91 | -953714 
a7 | 074417 | -a71674 || 97 | -082002 | -g1seaz || 27 | 090028 | 954377 
23 | -074540 | -872390 |: 98 | "082182 | 914510 || 28 | 090165 | -955040 
29 | 071663 | -873106 | 99 ' 082969! -915198 || 29] -0908C8 | 955703 
8) | 074787 | 873829 | 80 | 082302 | 915937 || 80 | -090441 | 956366 
31 | 074910 | -874537 |, 81 | 082598 ‘916574 || 81 | 090579 | -957028 
82 | 075983 | -87525t | 32 | 062658 | -917260 || 82 | 090717 | -957689 
83 | 075156 | 875965 | 88; -082784| 917947 || 88 | -09US55 | -959350 
B4 | 07528) | 876078 | 84 | 082015 | 918632 || 84} 090994 | -959011 
35 | 075404 | -877391 | 85 | 088046 | -919317 || 85 | 91182 | -95967 
86 | 075527 | 878103 | 36 | 083177 | 920002 || 36 | <91271 | -96.388 
87 | ‘075651 | 878316 || 87 | -083808 | 920687 || 37] -C91410 | -96c992 
88 | ‘075775 | 879527 | 88; -08344) | 921872 |] 83 | -C91559 | -991652 
39 | -0759)0 | 689289 » 39 | 083570 | -922.54 || 99 | 91698 | -962319 
40 | 076024 | -83:919 : 40 | 083702 | 922738 |} 40 | -c91827 | -962969 
41 | 076143 | -881659 . 41 | -083834| 923491 || 41 | -(91966 | 963627 
42 | 076273 | -832368-|. 42! 983966 | -924104 || 42! -(92105 | -904985 
48 | -076398 | 933979 " 43! -084c93 | 24786 || 48 | -092045 | -964942 
44| °076522 | -883787 || 44 -084930 | -995467 || 44 -692885 | -965600 
45 | -O76647 | 884495 | 45 | 084363 | -926148 || 45 | -c92591 | -966255 
46 | -o7e772 | -s85208 | 46 | -984495 | 926829 | 46 | ~092684 | 900912 
47 | 076397 | 885999 |' 47! -084627 | -997310 || 47 | 092804 | 967567 
48 | 077022 | 836816 | 48 | 084760 | 928190 || 48 | -092044 | -968293 
49 | 077148 | -897523 |. 49 | -084803 | -928869 | 49 | -0959085 | -96S878 
50 | °077278 | -888)29 |. 50 | 085123 | 929548 || 50 | -C95295 | -96959 
51 | 077399 | 893734 | 51 | 085158] 930227 |} 51 | 093366 | -970187 
52 | 077595 | -8s9439 |' 52 -085201| 987904 || Be | -093506 | 970840 
B8 | “077050 | -ev148 | 58 | -085425 | 981583 || 58 | 93647 | 9TI404 
54! 077776 | -890848 | 54 932960 || 54 | 099788 | -972147 
55 | °077998 | -891351 | 55 085691 | -932686 || 55 | 098929 | -972890 
56 | 078929 | 399254 ' 56! 085995 | 933613 || 56 | 094070 | -978452 
BT | “078155 | 392058 | 57 | -085058 | 934288 || 57 | 094212 | -974104 
078282 | -893659 58 | 08602 | 934964 094953 | -974755 
59 | -078408 | -894861 59 985631 59 | (94495 | 975407 
| 094686 | -976057 
| 


432 VERSED SINES. 

24 DEGREES 25 DEGREES. 26 DEGREES, | 
Min | Nat. No. | Logarithm. Min. | Nat, No. | Logarithm. Nin. | Nat. No. | Logarithm | 
0 | 0°086454 | 8-986787 0 | 0-c93692 | 8971748 0 |v101206 , 9-cc5206 
1! 083573 | 937882 1| -c9ssts | 972273 1] -151838 | -005753 
2° 36095 | 937975 2| (93939 | 972348 3} 101461 | -006300 
8, 086819 | -958539 8 | 694061 | 972411 8} ‘101583 | -006843 
4; 680929 | -939169 4} -¢94184| 973979 4, 11716» “007892 
5 08747 | -989754 5 | -c94308 | 974547 5} 1.1845 , 007938 
6 | -C87166 | -944346 6 | 94451 | 975115 6 | 1.1973 | -0C8485 
7 | -087286 | -94:988 7| -€94555 | -975683 7) W210, 69.27 | 

8 | 087404 | 941529 | 8 | -co4678 | -976250 g' i229! -0cgs7 
9 | -067523 | 919129 | 9! -ois2| 976816 | 9 “2 sc7' 01,116 | 
10 | 87642 | -942711 || 10 | 091925 | 977380 | 10! 12:55  -01C 660 
11 | -087761 | -933390 || 11 | 095949) 977948 || 11) 1.2513 011204 | 
12 | CS¥83) | 943899 |} 12] (95173 | 913514 | 12, “12743 | 011746 | 
18) -¢s7999 | -944178 || 18] -095997| 979078 | 13/ -1casT> | -o12es0 | 
14 | 088119 | 945567 | 14] -C95321 | 979643 |) 14, 162900 | -019835 
15 | 083288 | -945656 | 15 | 095545 | 938.297 | 15 -163293 | -013873 
16 | 083358 | 945213 || 16] 095669 | 98,771 || 16| -1¢8256 | -018915 
17 088177 | -940880 | 17 | -695793 | -931884 | 17 | 108335 | -014456 | 
18 , 088597 | -947.418 | 18 | (95918 | 931898 | 18 “108514 | -014998 
19 | 083716 | 918004 || 19 | 096042 | -Os2460 || 19 | 103G43 | -015538 
29: ~$33:6 | 9189590 || 2) | -099166 | -983.23 | 290! -‘Lust72! -016078 
21 -0ss056 | -949175 || 21 | -096291 | -983585 | 21 | -LcsQu1 | -G16618 | 
22 | 039.76 | 949761 || 22 | -C95415 | “934143 | 22 | Lod.8 Q1T157 
23, (89196 | 95.346 || 23 | -096540 | 984707 || 23 | -104159 | -017698 
24, 099316 | -95¢931 || 24] -96065/ 985268 | 24| -104953 | -018235 
25 | 89437 | -951515 || 25 | -096790 | -9s5s29 | 95 | 104417 | 018773 
26 ! 089557 | -952°98 || 26 | -¢96914 | -9863ss |] 26] -104547 | -019811 
97 | 89677 | 952681 || 27] 97040 | -9g6018 | 27! -Ic4c76 | -019S47 
23 | 630193 | 953265 | 28 | 097104 | “987507 || 28 | 104836 | 620387 
29; (39918! -958848 | 29 -097290| -9ssoe6 j| 29 | -104936 | 020924 
80 ) 9x39 | 954429 |) 80 | -c974135| 983624 || 80) “105266 | 621460 
81) 09,159 | 955911 || 81 | 0975) | -9s0182 | 81 | 105198 | -€21997 
82 | -093989 | -955592 |] 82| -o97666| 989741 || 3g | -le5396 | 022533 
3} 090401 | -956173 || 38] -c97791 | -99:298 | 88 | -105456 | 628069 | 
84, 090522 | 956758 | 84} -091916 | -99:S54 || 84] 105586 | 023608 
35 | 099643 | 937353 | 35] -s98049} 901411 | 35 | -leb716| 02412 
86 | -cov7é4 | 957913 | 86 | -098168 | 991968 36 ' -105846 | 624673 
87 | 093535 | -953492 || 87] -699203| -992504 || 87] -1c5977 | -625210 
88 | -¢91006 | 959971 | 88 | 693419 | 993979 | 88 -loc107 | 25742 
89 . 91197 | -95964 39 | -098545 | -993634 || 89} -1:6237 | 626275 
40 | -091219 | -96:298 ‘| 401} -c9sc71| -994189 || 40 | -loes67 | -G26s08 
41 | 091870 | 965895 '| 41] 098797] -994743 || 41 “106498 | 027343 
42} 0911492 | 961032 | 42] -098023| 995997 | 42 | -1o6c29| +t9TST4 
43 | 091613 | -9619:9 | 48| -o99%9] -poss51 || 43 | -lo676) | (98476 
441 91035 | 962535 | 44] -090175 | 998404 |) 44| -19689) | ~.28963 
45 ; 091857 | -963111 | 45 | 0993 996957 | 45 | 19721 | ~29170 
46 | -c91979 | -936s7 || 46 | -o99ie3| -goz5°9 || 46 to7152 | -osvc00 
47 | -092101 | 964268 || 47 | -099553 | -9u8.61 || 47 | -1c7283 | -us0581 
43 | 092223 | 961536 || 48} -099661 | -993618 || 43, 107414 | 08168 
49 | 092545 | 965412 | 49 | -0993:S | 90164 | 49 | “107545 | -081b93 
50 | 92467 | 965985 || 50 | 099934} 999715 || 50 | ‘107677; 082121 
51 | 92589 | -966559 || 51 | 100061 | 9-006266 || 51| -lo78c8 | 082651 
52 | 092711 | 967181 || 52 | -100183| -oocgi7 || 52; 167940 | -088180 
53 | 92534 | 907705 || 88 | -100315 | -001366 3 | 1871 | 083709 
BL; 092956 | -pose7? || 54| 100449 | -oo1916 | 54] -tosa02 | 0Baga7 
55 | 93.78 | 968349 || 55 | 10657) | 02405 || 85) 108884, 084765 
56 | -093201 | -960491 || 56| -100c07 | -oogo14 || 56 | -tosies | -case93 
57 | 093324 | 969991 |) 57 | -12¢s24} -008568 || 57; 108598 | 05820 
58 | 093447 | -970563 b8 100951 ‘o4ttt 59 | 108780 ‘03648 


s 


59 | -093569 | 971153 59 | 101079 | 004660 59 | “108862 v4 | 
60 | °093692 | 971708 60 | °1.1206 | -005206 : 087401 | 


ExTerNat Sxcants. 438 


10 | 96961 | -982546 
41 | -096204 | -983191 
12 | -(96347 | -983887 


24 DEGREES. |__spzormes. 25 DEGREES. . 26 DEGRERS. 

Min. | retro Nat. No | tor poset , IMdin. Nat. No, Logatiilim. | Min. | Nat No | Loyarithun. 
0 | 0694636 “8976057 _ 7 0° 0108878 | 9014427 0 |: 0-112602 | 9151546 
1] €94778 | = OTG708 |; ‘ 60 
2] (94920 | ‘977857 2 
8] (95962 | 9730C8 8 
4| 95204 | “978657 ‘108977 | 016989 4{ 118285 | 458979 
5 | 95347 | -979306 || 104128 | 017566 5 | 118898 | (54086 
6 | (95489 | -979954 || ‘104279 | 018194 6 | 118552 | (55195 
7 | 695632 | -980698 | 104429 | -018821 7 | 118710 | 55799 
8 | -€95775 | -981250 | ‘104580 | 019447 8 | 118869 | C5646 
9} 95918 | -981898 | 104780 | 020072 9 |} -114028 | 157612 

| 
| 


17 105942 | 025066 || 17 | -115806| ‘C61S50 
18 ‘10694 | 25690 || 18 | -115466 | (62454 
19 106246 | 026312 19 | -115€26 | 68(57 
20 106598 | 10206934 | 20 | 115787 | 062660 
21 106551 | = 0275 | 91 | 115948 | -€642€2 


‘IcoT8s 040585. |! 


SHASTRSSATSSERSERECRS SSASEKESRSSERSELY 


a 

bo 

—_ 

ped, 

Oe 

a 
a re a nb 

4 

(on) 

92 

Nd 

~] 

i] 


111300 | 047976 | 88 : 

111657 | 047887 | 84; 121881 | -Cesd71 

111914 | -048497 || 83 | 121496 | -084568 

111972 | 049108 || 86 | 191662! -C85155 

112129 | -049718 | B7 | 121898 | 85746 

119987 | -c50sg8 || 88 | 191994} -oscsss 

112445 | -oscoss | 59 | 122160 | -csc929 

60 112602 | 051546 | 6o | 122987 | 087520 


C 
1 | -108528 | 015.56 1 ©1127 052164 
2; -108678 | 015685 112918 | (52768 
"1 103828 | 016312 118L76 | 58370 
5 
6 
T 
8 
9 


rea n Re T T  2) 6s | | ee 
37 
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= 
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80 


SSSASSLSSASSERSSRESASSERSRESSA 


27 DEGREES 
Nar NW. Logarithm 
0°199994 9°087401 
109196 087927 
169258 . 088452 
109890 | 088978 
109522 | -089502 
169055 | 040027 
109787 | 040551 
16.9920 ' 041076 
110058 : 041600 
110185 | 042128 
110818 | -C42645 
110451 , 043168 
110584 048690 
119717 | 044218 
110850 | 044785 
119938 ' 045256 
111116 ‘ 045777 
111249 ' -046297 
111888 046818 
111516 047838 
111650 ' 47857 
111783 | -048377 
111917 ; -048896 
112.51 | "049415 
112185 049938 
112319 . ‘050451 
112458 , 056968 
112587 | ‘051487 
112721 | 052004 
112855 ' 052580 
"112989 | -058087 
‘118194 | 058558 
113238 | 054069 
"113898 | “054564 
“118597 | "055099 
113662 | -055614 
‘113797 ; 056129 
113981 | ° 
114066 | 057157 
‘114201 | 057670 
‘1 | 7058188 
“114471 | 058696 
114606 | “0 
114743 ' -059721 
114877 | 060282 
"115018 | -060745 
115148 061256 
1152838 061766 
115419  -062277 
"115585 °062788 
115691 068298 
115827 °068807 
115962 064316 
116098 064826 
116285 065885 
116871 065848 
116507 | 066851 
116648 . ‘066850 
116779 ' -067866 
116916 , 067874 
‘117088 | 068880 


28 DEGREES. REES, || 29 DEGREES. 
in. : Nat No Logarit! m | Min. ' Nat No | Gagariths. 
0117052 9-068880 ,, 0 , 0°125880 | 9-Cese29 
| 417189  -068887 |! 1. -125523 | ~<(98T17 
| 117826 . -069808 9. -125663 | -G99206 
: 117462 | 069899 3 ' -125804 | 099693 
| 417599 | 070404 4 125045 | -100191 
' 117786 + -67(910 5 ' 126686 | “100668 
117873 | 071415 6 | -126298 | -101155 
118910 | 071919 7 | 126370 | -161642 
} °118147 | 072424 8 | -126512 | 1¢2129 
| 118285 | 072928 9 | -126658 | 162614 
| 1194292 | -073482 || 10) -12679%| -1(8100 
| 118559 } 078985 || 11 | -126986 | 108585 
| 418696 | ‘O74487 |) 12 | “127078 | -104670 
| 119884 | 074941 | 18 | 127220] -104555 
| 118972 | 075458 || 14] -127362 | 105040 
| 119110 | 07594 | 15 | 127504 | 105828 
419947 | 076448 || 16] 127646! -1060¢8 
119885 | 076948 | 171] -127789} -106491 
119528 | -677450 | 18 | 127981 | -106974 
119661 | ‘077951 | 19 | -12S;73} 107457 
119799 | 078452 |! 20 | 128216 | -107940 
119987 | -078932 | 91 | -1283f8 | -1(8423 
120075 | -079452 |' 93 -1285l1 | -108e6 
120218 | 79951 | 23 °128643 | -1(9887 
120851 | -0se4s1 |: 94 | -128786 | -1¢98e9 
120490 | <8. 931 | 25 | -128929} -116850 
120628 | 81449 |: 26 | -129072} 110881 
120767 | -081947 || 27 |} -129215 | -111812 
120905 | -G82445 |, 28 -129858 ) -111793 
121044 | 082948 || 20 | -190501 | -112978 
121188 | ‘088441 || 80 | -129644| -112754 
121892 | 88988 |, 81 | 129788 | -118283 
121461 | (84485 | 82] -129981 | -118712 
121600 | -084982 || 88 | -180074 | -114192 
121789 | 085428 | 84 | -180218 | -114671 
191878 | “085984 || 85 | -180862 | -115149 
122017 | -€86420 | 86 | -180505 | -115697 
“122157 | (86916 || 87 | 130649 | -116105 
122296 | -087411 || 88 | -18(708 | 116588 
“122485 | “087905 | 89 | -18(986 | -117060 
122575 | 088401 | 40 | °181080 | -117587 
90714 | -cgssos | 41 | -181924| 118015 
129854 | (893983 || 421 -181368 | -118491 
‘122904 | -G89882 |, 48 -181318 | -118968 
128184 | -€90876 || 44 | -181657 | -119448 
“128278 | 090860 | 45 | “181801 | -119919 
128413 | 91861 || 46 | -181945 | -120804 
"123553 | 091854 | 47 | -182090 | -120870 
123698 | -092848 || 48 | -199985 | -121843 
1 092888 || 49! -182879 | -121819 
123074 | 0988299 || 50 | -139884| -129994 
124114 | (98891 | 81] -1826€9 |} -122768 
-124955 | 191812 || 52! -199814 | -193942 
124895 | -(948e2 || 68 | -182958 | -198T15 
124585 | -095908 || 84} -188108 | -124188 
124676 | 095783 |! 55 | -188248 | -124661 
"124817 | -096272 || 56 | -188804 | -125185 
124958 | -096763 || 57 | -188089 | -125607 
125098 | -097351 |} 58 | -188664} -1260T9 
125280 | 107740 || 50 | -188890 | ‘196861 
*125880 60 | -18807%5 | -12TeR2 


SSSATKFSSSSSSASERSSASSRARSSRSRASSSN 
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—— ee ee ee a ed 


EXTERNAL SECANTS. 48! 


— 


i] 
27 DEGREES. 298 DEGREES. | 29 DEGREES. 
Min | Nat No | Logarithm, |! Min. | Nat No. | Logari.bm | Min. Nat. No Logarithm. 
O . 0-122827 | 9°087520 |} 0° 0189570 | 9122445 0 , 0-148854 | 9156410 
1 | -122493 | -cssiti || 1: -189745 | -128019 | 1 | -148588 | -156968 
2 | -122660 | (88700 |; 2 | -182020 | -128598 Q| 148798 | -157527 
8 | -1299968 | (89290 |' 8 | -183¢96 | -124166 8 | 148908 | -158084 
4 | -122998 | -osos7a |i 4 | 189272 | -124798 4| -144¢98 | -158642 
5 | 123160, -¢90469 |' 5 | -138448 | -125312 5 | 144978 | -159199 
6 | 129827 | -081057 |i 6 | 188624 | -125884 6 | 144463 | 159757 
T | 128495 | 091647 |; 7 | -188800 | 126458 || 7 | -144649| 160814 
8 | 123662 | -€92286 || 8 | 188976 | -127798 || 8 | -144884] 160869 
9 | -1238829 | -092828 || 9 | -184158| -1e76r0 || 9 | -145020 | -161497 
10 | -128997 | -o9s4t0 |} 10 | 184980 | -128171 || 10 | -145906 | -161983 
11 | 124165 ' -c9s998 | 41 | -1845°6 | -198T42 | 41 | 143891 | 16952 
12 | -124388 | -094585 |; 19] -184683 | -129319 || 19 | -145578 | -168(95 
18 | -124501 | (95173 jj 18 | -184860 | 129888 |) 18 | 1457 168650 
14 | 124669 | -C957CO |: 14 | 185087 | -180458 | 14 | 145950 | -164206 
15 | -124838 | -096346 : 15 | -185915 | -181¢94 |! 45 | 146187 | -164760 
16 | -125006 | -¢96982 i; 16 | -185892 | -191594 | 16 | 146824 | -165815 
17 | 125175 | 097579 |; 17 | -185570 | 182162 | 17] -146511 | -1658¢9 
1g | -125844 | -0981(8 |) 18 | -185748 | -182782 | 18] -146¢98 | 166498 
19 | -125518 | 698688 | 19 | -185926 | -18886¢1 | 19 | -146885 | -166977 
20 | 125682 | -099278 |} 20 | -186104] -138870 || 90 | 147073 | -167581 
91 | 125851 | 099858 | 21] -186282 | 184468 91] -147260 | -168C85 
a8 | -128091 | -100449 | 99 | -136460 | 185006 92] »147448 | -1cs089 
28 | 126191 | 101027 | 98 | -186639| 195574 || 98 | -147686 | -169191 
24 | -126860 | 101610 | 24 -136818 | 186149 » 94 | -147895 | -1¢9749 
25 | -126530 | -102194 | 93! -18¢997 | -186710 || 95] -148512 | -170296 
96 | 128700 | 109776 | 96° 187176 | -1s7277 || 96] 148200 | -17c¢849 
27 | -126871 , -108361 | 27. 187855 | -187848 || 148889 | 171401 
28 | 127041 | 108944 | 98; -187584| 18849 || 98 | 148577 | 171958 
29 | -127211 | 104595 ' 99 -187718 | 188976 || 99 | -148766 | 172565 
80° -127882 | -105108 | 80 | 187898 | 189542 80 | 148956 | -173057 


i 

{ 

Hy 

! 

{ 

’ | 

H | 

| 
31, -127558 | 105690 | 81 | 138078 -1401c8 || 81 | 149145 | -173608 
82° 127724 | 106272 | 92 -188058 | 140674 |) 92 | -149884 | -174158 
33 | 127895 | 106858 | 88 | -188488 | -141989 || 88 | -149524 | 174710 
4 ' 128966 | 107484 | 84} -198618 | 141804 || 84| -149714 | 175261 
85 . 129987 | 16814 | 95/ 188798 , 142369 | 85 | 1499.3 | 175810 
86: -128469 | -1c8596 | 86 | -138074 | -149934 |, 36 | “150193 | -176860 
87 | 128581 | -109175 | 87 | 189155 | -148499 87 | -15(283 | -176910 
BB 128753 | -1°9756 | 38 | -189886 | 144068 | 88 | -150474 | 177460 
89 | 128995 | -110885 | 39 | 129517 | 144626 |! 99 | -1506¢4 | -178008 
40, 129.97 | -110914 | 40 | -189698 | -145191 || 40 | 150854 | -178557 
41 | 120269 | -111498 | 41 | 139880 | 145754 || 41 | 151045 | -179107 
42 | 12041 | 112072 | 49) “140061 | 140816 | 42 | 151936 | 179605 
48 | -129614 | 112651 | 48 | -140249 , -146s79 || 48 | 151497 | -180205 
44 129787 | 113098 | 44 | -14ogea | 147442 | 44 | 151619 | -180759 
45 120960 | 113808 | 45 | -14¢606 | 148.5 || 45 | 151810 | 181800 
46 | -130182 | 114885 | 46 | -14¢788 | 148566 || 46 | -152001 | 181847 
47: 130805 | 114062) 47 | -14970 | 14198 || a7 | -152198 | 182395 
48 ' 130479 | 115589 | 48 | 141158! -149690 || 48 | 159385 | 1S¢948 
49 ; 130659 | -116117 | 49; 141886: -15¢951 || 49 | 159577 | -188489 
50 , 18.826 | -116604 | 50; 141518  -15C812 || 60 | 152769 | -184(.36 
51. 13.999 | 117269 || 51 (As B1 | 182962 | -1845 
b2 | -1st178 | 117845 | 5a | -14ise4 | -tbioga | 2 | 158154 | 180129 
53 | 131847 | -1is499 | 58 | 149067 | 152404 || 58 | 158847 | 185675 
DA 131529 | 118998 | 54, “142250 | 158054 |, 54 | -158540 | 186221 
65 | 131696 | 119573 || 55 | 149484 | 158614 || 55 | -158783 | -186766 
56 | 131871 | 120148 || 6 | -149618 | -154178 || 6 | -158026 | -187813 
b7 | 192046 | -120738 || 87 | -149809 | -154784 || 57 | -154120 | 187858 
BS , -180220 | -121207 || 68 | -142986 | -155¢92 || 58 | 154818 
59 | 182995 | 121872 | 59 | -149170 | 155851 |] 59 | -154507 | -188947 
60 | 192570 | 1 60 | 148854 | -156410 || 60 | -1547c0 | 189491 


£36 Versep Snes. 


30 DEGREES, $1 DEGREES, | $2 DEGREES, 

Min | Nat No, | Logarithm. |!) Min. | Nat No Nat No of Sage abe | Min Nat No Loge idm 
0 |0°188975 | 9127122 | 0 0149898 9-154897 | 0 | 0151952 9-181706 

134190 | 127494 || 1] 142998 | 165263 || 1, -152106' -1892147 
2| 134966 | -127964 | 2 148188 155788 || @| 159261; 182587 
8 | 134412 | 196486 || 8 | -148282 | 156192 | 8 | -152415°, 18327 
4} 184558 | 196906 || 4 | 149469 | 156647 | 4/| 159569! -189466 
5 | 184708 | 129376 5 | 148588 | 157102 5 | 152724; -188906 
6 | -184849 | -129846 | 6 | 148788 | -157556 6 | 152875  -184845 
7| 134995 ' -180816 7 | -148888 | -1581,10 7 | “158038  -184784 
8| 185141 : 190786 || 8 | 144084 | 158464 8 | -158168 ' 185298 
9 | -195987 ' -1910h4 | 9 | 144184] -158917 9 | 158842 . -185601 
10 | 1953498 181794 : 10 | -144985 | -159970 | 10, -153497 186100 
rl | -195579 °° 190192 | «11 | -144485 | -1zoses | 31/ asses | -186538 
12 | 185725 189660 ;, 12 | -144686 | -16(275 || 12| 158807 | -186975 
18 | -195872 188198 | 18 | -144787 | -16ec728 | 18 | -158962' -187418 
141 136018 ' -193596 14 | 144987 | 161180 | 14 | 184117 | -187850 
15 | 196165 184064 | 15 | -145¢88 | -161082 |} 15 | -154272 | 188287 
16 | 186811 | -184581 | 16 -145289 | -162(88 || 16] -154497' -1e9794 
17 | "186453 ; -184998 | 17 | 145890 | 102595 | 17 | -154588, 189161 
18 | 136603 | -1853465 | 18 | 145541 | -162986 || 181 -154728 189598 
19 | 186751 | -188931 . 19 | 145692 | -168486 ;| 19 | -154894  -190088 
20 | 186898 | -186897 || 20 | ‘145844 | 168887 | 20 | -155¢49 | 190469 
21 | 137045 | -186868 || 21 | 145095 | -164a87 || 21 | 155205. -19C905 
22 | 187192 | -187529 | 22 | 146146 | 164788 | 22; -1558G0 ; -191340 

137889 | 187794 | 98 | 146208 | 165288 | 98 | -155516 -191775 
24 187486 | -189959 ° % | 146450 | 165687 | 94) -155672  -192210 
25 | 187688 | -188724 || 25 | 146601 | -166187 || 95} -155698'' -192645 
26 | ‘187781 | 139189 . 26) ‘146752 | 166585 | 26 | -1559S4 | -198080 
27 | 137928 | -189658 aT | 14C904 | 16784 | 271 106140. -198514 
98 | "188076 | 140117 * 98! 147756 | 167488 | 28 | -15¢996! -192948 
29 “138228 | -14cn8i | 29 1472¢8 | 167981 || 20 | -156452 ; -194889 
30 | 138871 | -141¢48 | 801 147860 | -169879 || 80 | -1566:9 1 -194915 
81, 188518 | 141507 : 81 | 147512 | 168897 | $1] -156765 ; -195249 
82 | 138666 | 141971 | 82 | “147604 | -169274 | 82 | -156921 195689 
83 | 198814 | 149484 ; 83 147817! -1°9792 | 88 -<457¢-78 -196115 
84! 136962 | 149896 , 841 -1479¢9 | -170169 | 84 | -157284| -196547 
85 | 189110 | 148358 . 85 | 148121 | 170615 | 85 | -157801 | -196979 
86 | 189958 | 149890 ' 86 | -148273 | 171068 | 86] -157548! 197419 
87 | 199406 | 144289 ; 87 | 158426! 1715¢9 | 87] 157715 197844 
88 | 199554! 144748 $81 148578 | -171954 | 88] 157861 ; -198975 
29 | 1:97¢8 | 145204; 89 "148730 | 172400 | 991 158018! 198707 
40} 169851 ' 145665 | 40 | -148888 | -172846 | 40 108176 | "199188 
41 | -1°9999 | 146123 | 41 | 149086 | 178992 | 41 | -1 ‘199569 
42) 149147 | -140585 | 42 | 149189 | -173786 | 42] -158490 | 200000 
43 | 14(296 | 147046 |, 48 | 149842 | 174181 | 48 | -158647 | 200480 
44 | 14445 | 147506 ; 44 | 149495 174096 | 44 | 158804 | -200860 
45 | 140694! 147965 |, 45 | 149648 | 175070 | 45 | -158962 | -201290 
46 | 146742 | 148494 | 46 | -149801 | 175514 | 46 | -159119 | 201790 
47 | 140891 ' -148ss8 47 149954 ! -175958 | 47 | 159276 | 202149 
48 | -141°40 | 119342 | 48 | 150107 , 176401 | 48 | 159488 | 2.9579 
49 | 111189 | 349801 | 49! 150261 ' -176843 | 49 | “159501 | 20805 
50 | 141888 | 1959 | 50| 130414 | 177288 | 50 | 159749 | -2c084sT 
BY | 141487 | 1507-7 | 51 | 150568 177781 | 61} -1599¢7 
52 | 141686 | 151175 | 52) -150731 178174 | 52] -160c65 | 2 
58 | 1417386 | 151683 ° 58 | -150875 | 178616 | 68 | -160998 | -204793 
54 | 141985 | 159069 | B4{ 181028! 179059 ||} 84] -16c880] OC5I5L 
55 | 142085 | 159546 | 55 | 151182 | -1795¢0 || 55! -160588 | 205579 
56 | -149984 | 158008 || 56 | 151886 | -179949 || 56 | -160697 | 206008 
b7 | 149884 | -158480 || 57 | 151490 | -180 57 | 160855 | -206488 
58 | 149588 | -158916 58 | ‘151644 | -180804 || 58 | -161018 | -206860 
Bo | 149683 | -154872 || 50! 131798 | -181965 || 89 | -161171 20138? 
60 | -142838 | -154897 60 | 151952 | -181706 60 | --161830 


ets 


ExterNaL SECANTS. 437 


80 DEGREES. | 1 DEGBEES. | 82 DE DEGREFS. 


Min. ' Nat. No | Lovarituin | reste Nid re 


, 
i 


166688 , 221761 | 60 : “179179 °258286 


Min, Nat. So. >) Losaiium = | 
Bee eee (pce eee eee ee i cr ee 
O 0-154709 _ 9199491 || © | 0-165633 | 9221761 | 0 eae 9-257935 
1; 154894 19086 || 1 -160387 | 222298 | 1 | -179393 2553 5 
3 | 155989 , 190579 2. 167041 | 222824 2| 179608 | 252.24 
8 | -155298 | 191124 |} 8; 167245 | 223354 | 8 | 179522, -2h4si4 
4: 155473 191668 || 4: 167450 | 223585 7 4 | 19037 | 255982 
; 5 | A55573, t9221i | 5 | 167655 | 224etT | | 18 252 | -235S31 
6 | 153807 | 192754 || 6 ' -167860 ; 221947 | 6 | “18467 | 256509 
| 7 ; 156962 ; -193297 || 7 168065 | 225477 T | *189683 | -236917 
8; 156257 | 19381) || 8, 168270 | 226007 | 8 | “18:S99} 257436 
' 9 | 453152! 295382 || 9 | 16376 | 226387 | 9! ‘131115! 25797 
, 19 | 156643 | 194925 | 10 -163681 | 22766 | 10 | “151331 | 253101 
HL | 158844 | 195257 || 11 103387 | 227595 | 11 |) “181587 | 2539-9 
12; 157.49 193508 | 12 -169°98 | 298124 | 12 | 131763) 2595°5 
18 | -157236 | 19555) | 13 160299 | 223633 || 18 | 18218) '  -263:.28 
, 14 15752, 197.91 || 14 169305 | 220182 | 14 | “182197 26:54) 
|; » 157523 | 197538) 15 C071 | 229711 || 15 | 15243 2615 
16. 157324 | 193174 |) 16 169918 | 231288 | 16 | 182639 25157 
| IT | 153021 | 103014 | AT ATV125 | 230767 | 17 132343 | 202 99 
18 | -153218 ; 199255 || 43 170332 | 231295 | 4g | 18366) 2625°7 
19: 158413, 190795 | 19 170539 | 231522 | 19 | 183283 263192 
2) * -153612 | -200335 || 20} 170746 | 232359 | a0 | 18351, 25335 
@1 1038.9 | 213875 | 21° 170958) 282377 ; 21 | 1S8719, 264154 
22. 109107 | 201415 | 22; 171161 | 238495 ; 29 | 185937 © 264509 
| 9B. 159204| 211914 || 23 171869 | 233932 ; 98 | “184156, 235184 
| 24; 150402 | 2.2503 || 24) ATISTT | 234458 | 24 | 184304) 255009 
25 | 159600 | 208032 | 25) T1785 | 234085 | 2 | 18693 | 260214 
26: 159798 | 293571 || 26; 171998 | 235510 | 26 | ‘184812! -236729 
27 | 159997 | 204110 || 27 | 172201 | 236.86 || 27 | “1S0031) 26721 
23 | -16/195 | -204643 || 23 | -172410 | 286562 | 28 © *18525) 267753 
99 | -165898 | 215186 | 29) 172319 | 23783 |} 29 135169 | -268272 
8) | -16)592 ' 205725 || 3) | “172828 | 237613 |] 8) 185689 | -268786 
81 | -16)791 = 296261) 81 | A387 | 233139 || 81 | “1359. | 269300 
82 | -16,991 . -236300 | 32. 175246 | 233663 | $2) 180129 -2¢9s11 
83 | 161190 | -2)7387 |} 83 | -173456 | 289189 || 83 | 196349 | 270327 
84; 161390 | -2)7874 || 34 | 173065 | 239713 || S84! -180570 ; 270519 
85 | -161539 2.9110 || 85° 178875 , 24.237 | 85 , 180190 | 271853 
86 | 161789 ' -2.3947 || 86) 174095 | 249768 || 86) -1St11 | 271867 
87 | 161939 2.9484 || 87 | 174295 | 241236 | 87 j 187232, 272379 
83 i 162189 = 21002) || 88 | 174545 | 2418u9 || 88, “187453 212501 
89 | 162389 210555 || 89 | -174716 | 249328 | 3891) “187074 , peer 
40} 162589 211901 || 40. 171927 | 219357 | 49 ; “187896 | 273916 
41 | 162789 211626 | 41 | 175083 | 248381) 41) TS9117 314123 
42 | -16299) 212161 || 42 | -175349 © 243903 | 42 | +18S389 | 27494) 
43 | 163191 | 212097 |, 48 | 175560 | 2444126 | 48) 198961 | 275401 
44! -163302 | 213932 | 44. -175772 | 244949 | 44 | “188783 | 272033 
45 | 163504 213766 | 45 | 175983 | 245471 |) 45 | 189006 | 276175 
46 | 15379) 214391 || 45 | 170195 | 215993 |] 46 | -189223) 27935 
47 | 163997 214835 | 47 ' 176497 | 246516 | 47 | 189450 | 277195 
48 | 164198 215303 |! 48 | 176019 = 247037 |] 48 | 189673 | 275.16 
49 ; 164400 | 215908 || 49 | 176832 247559 || 49 | -180396 | “275517 
50 | -164608 | 216487 || 501 -177044 24981 || 50 | “190129 | -279 23 
| 51 164895 | -21697) || 51 | 177257 «248602 |) BL 190844) 279538 
52105008 = 2175.4 | 52 | -WT7970 249124 | 52 190568 23.49 
638 16521) | -218'86 || 53 | 177288 , 249544 |) 68 199782 -23"59 
54 165418 218589 | 54) 177806 = 250165 | 54 19115 231068 
55: 165616 21911 55 | 1781-9 = 252685 | 55 191240) | 281578 
56 165319219634 | 66 | -173922 251256 || 56 191464 | -232°37 
BT | 166023 = 221167 | 57 | 178586 251727 || OT | 191689 | 232596 
5S | 166226 = 22.1699 53 | ‘178750 © 252246 |] 58 191914 | 2881 
69 | 166430 ela a aa ee 252766 || 59 | °192189 | 283614 
60 60 | -192864 | 284128 


438 . ' Versep Srves,— 


88 DEGREES. $4 DEGREES, | 85 DEGREES. | 
ain. | Nat. No | Logarithm. Min | Nat.No | Logarithm. | niin. | Nat. No. Logarithm. | 
0 | 0-161880 ; 9207714 || 0 0171968 9-282901 | © |0°18U848 , 9237818 | 
1 | 161488 | -208140 1! 171126 ©. 288514 1| 481015 | 257714 
9] -161647 | 28566 2 | 171289 ' 238727 | | 381188 | 258114 
8 161805 | “208992 8 | 171452: 284189 8 | 181849 | 258514 
4} -161934! 209418 4| 171614 234532 || 4| -$815i6 | 258914 
5 | 162128: 209848 5 | -171777 234964 || 8! 181688 | 250814 | 
6 | -162232 | 210969 | 6 171940 | 2835876 6 | -181850 | 259714 
71 -162440 | -210608 || 77] -172108 ' 285798 | 7| 182¢18 | 260114 
8 | -162509 | 211118 | 8 | "172266 | -236199 g | 182185 | 260518 
9 | 162758 | 211548 | 9. 172480 | 236611 || 9 | 182958 | -26c919 
10 | -162917 | 211967 | 10/ -172598! 237099 || 10 | 189520 | 261810 
11 | -163076 | 212301 | 11 | 172756 237488 | 11 | -182688 | -261709 
12 | -163285 | 212914 | 12! 172999 237844 || 12 | -1892855 | -262107 
18 | -168995 | -219988 | 18: ‘1789898 | 239055 || 18 | 183098 | 262508 
14 | -163555 | 213668 | 14: -173247 , -288665 || 14! -183191 ; 262908 
15 | -163714 | 214985 | 15, ‘173410 ° 299975 | 13 | -188859 : 
16 | 163874 | 21439 | 16 | 173574} 289185 | 16 | -188527 | 268699 
17 | -164038 | 214931 | 17| -173783!| 239805 | 17 | 198695 | 264096 
18 | “164193 | 215358 | 18| 1739.2 | 240304 || 18 | -1e8308 | -2esags 
7 1" 19 | -184081 | 264990 
216198 | 2) | 174230 20 ' 181199 | 
21 | -164672 | -216629 | 211] ‘174594 91: -184367 | -265688 
92 | 164833 | 217942 | 99 | 174558 | 99 | -184585 | 266080 
98 93 | 184704 | -266476 
184872 | “266871 
| 185°41 7267 
185210 | -267668 
185378 | -268058 
| 268438 
185716 | -268848 
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Externat Secarrs. 43 


25 DEGREES. 


{ Min. | Nat No ° Logarith ni. 
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440 Versep Stes. 


38 DEGREES. 3@ DEGREEE. 88 DEGREES, 


i 
ee eee 
AME fc ET A 


SIS TE 


0°19.933. 
1Q1154 
191825 
191496 
191667 
, £01339 
192910 
192188 
192353 
192525 
, 102796 
i} 192858 
» 19304) 
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Exrrrsat Secawrs. 441 


36 DEGREES. ST DEGREES. {| 43 DEGREES. 


ete 


Min Wat No Nogacithm., yy Min. | Nat. No. | Logarithm I Nin. | Nat. No. | Logarithm 
M See oe ages A En —_—_—_—— 
0 | 0-236068 | 98735387 || 0 0 9°429732 
t | -2360380 | -878518 |} 14 1 430243 
2 | -236501 | -83738998 — 49 3 “480712 
3 | 230853 | -874478 | 3 3 481178 
4} -27115| S193 | 4 4 -431648 
B | 237577 | -375488 |} 5 5 “492109 
6 | 237610 | 87.918 |] 6 6 492573 
7 | 23799) -876397 7 7 433037 
8 | -238165 } -876877 | g 8 4 385°% 
9 | -235198 | -877357 |g 9 433967 
410 | 238091 1 -377886 | 410 10 434439 
41 | 2889544 -878815 11 | ABA896 
13 | -299918 1 -878794 12 “435961 
18 | -239183 | 379973 | 18 | AZBSW 
14 | -239747 | -879752 14) “436289 
13 | -210014 | -8809384 13 “436758 
16! -24°976 1 -agnTc9 16° ABTIIT 
17 | -249540 |] -881187 17 ABT68)) 
18 | -249895 | -881666 | 18 “438144 
19 | -241070 | -882148 19 “489608 
29 | -241895 | -899¢04 2 “48972 
| -241601 | -888099 Vs 439534 
92 | -241867 | -883577 99 “439998 
98 | -249138 | -B84(53 23 440460 
241 -249400 | -384582 24° -44(924 
9% | -249567 | -885010 2% A41B8°8 
26 | -249938 | -885487 26 “441849 
at | 213990 | -Be0964 a7 449311 
29 | -245467 | -386440 28 AADTTS. 
29 943735 | -390918 29 | 443937 
8) 244902 | -887894 80 AAS TiO 
$4  -244270 | -B87S74 31 “444461 
2 | -214539 | 388347 32 444693 
83 | -244897 | 888928 38 “445025 
$4 | -245075 | -889299 34 “AASDAT 
33 | 295344 | “889775 35 “446009 
36 | -245618 | -890054 36 A463 71 
$7 | 245892 | -390727 3T “440939 
88 | -24613e | -391208 33 447893 
S89 | -246192 | -891678 89 “447854 
AQ | -246091 | -299154 40 448316 
41 | -246961 | -392629 AL “448777 
AQ | -247273 | -a93104 AQ “449959 
43 | -24750% | 899579 ag “4.49699 
44 | -OATITS | 394054 As “450160 
45 | -249044 | -894598 4S “450025 
46 | 248515 | 295008 48 “451081 
AT | -24859T | -395478 AT “451549 
AS ' -249859 | -395959 48 A529 
49 | “249138 | 896497 49 A52409 
50 | -249408 | -Req903 50 A5IO2 
DA | -249678 | 897374 Bi “A5ZB82 
Se | -249948 | -397S48 52 “458342 
58 | -250220 | -899824 58 “ABA302 
Ba | -250498 | -398795 5A “454762 
3S | -250766 | -399060 55 455229 
56 | -254 “899749 36 “455681 
DT | 251314 | -400216 ST “456141 
$8 | -251588 | -400668 £8 “456600 
59 | -otsee | -4011ad 59 “457059 
60 | -252186 | -401694 60 ADTSIS 


143 Versep Srves. 
| 41 DEGREES. 
sa hepa ROM i cite OR ac 
“we Tsar Se | tom | in Rat No_| togetom [| win Set Bef teen 
Sone te cea Pee 38 | 0245291 | 9 se g6R4 
0 |o-gaasse . Sa19i21 |, O-gH8855 | 9.8C9158 | | -adsast | apni 
@ | 2am | sisrea || 9 | 234890 | Boneer g | 245864 | -s9°epe 
8 | (223404 | 849090 || 8 934704} 370520 4: 24655 | -3giess 
4| 223587 | 349446 ae coy! 35867 5 | 246245 } -291868 
Se ee eee eee ea 491703 
6 850158 if 6 ‘933966 ° RTI T MCETQ F92(42 | 
T 22413T 850514 ! T SOA 54 B8T19' 5 r 946826 | 92279 | 
a eee eee I 9 | esse | Groot | S| sereto | aporie 
ois | een | ae sensee | BtesoT || 1 | 247m 2 eee 
| G16 | 872043 |} It) 24794 | sgRses 
224977 | 851SSt . 17! 2 | 586} F927 
1) | 205055 | 850080 | 12) 36204 | Brs2er |} 12 SarTtT e408 
OF res ee nn een, aioe | ae a ee 
ea I a en ME Ta hg Me MR 
te{ aoe | seorit | 16! sscose | eraser | Je srg meee 
| : 
IT | ganoTe | 854068 || IT | 8TT44 | roses | qt suerte | PeoTES 
18 | 22626) | 834415 18 o315 an ai5700 |} 96 296174. 
an | agesea | -gontee | ap | sores | rome tt ht papier SO6T4S 
( y PS ‘ or } 249812 8 
ot {| 226793 | BEBITE | at | “237897 eee 9 | 24954 § -887C7R 
22 | 220808 | ssoe30 || 29 | 388985 | -B76Tst || 22 | iors | BT TB 
25 | PT$2} Boot |) 29 | Bar73| BITS || wR | 249686 | t¥TATE 
Ot | 227266 | “856585 | of} we482| BTT4I8 2} 250052 | 8osree 
95 | Br451 | 856888 || 99 | ZaResO | -BTTTOF ag el tf 
26} 227636 | 857241 |, 96 | -assss9 | B78tAs | ori toners 
ot | 207821 |} 857598 et | 239088 oer hae | cotare | 4eacee 
slg ab eg ha em Gh ME A le 
2a} 22818 | Bag29T 2p | peeene | SToIse 80 | 251043 | 89RT5t 
80 =n | $5650 | 8) BAgoet | STANTS | BO | BIC | soNT 
St | 228560 | BOCH | St “WHTSS |] 879618 32 | 251430 — -4ocdit 
S| Zovase | sare | 98 BentOD | Sar50R | BF | POI | Ac075O 
84; 2296} BO00KG | 84 earSSN | “Ber Bs s5} aae ! -aCt4IB. 
$5} DV! KecaT | BD 240540 3811388" | 99 >} -ect74e 
80 | 220889 | SEOTST | Be MINTED | Baths || Be} axe | ecrTes 
8T | 229672 | 861108 aT oats | seer? | ge} 2598 4.2418 
8S | 229857 | 861459 1, & 941207 | -eg05se if sa] ano7ee | -acerap 
a | ova | -soziso | a 241436} semen | 40 | goer | acacre 
a etd pare | a S11676 | BesesB || 48 | 253168 | sere 
| 4 |) 49 | 20386r 
4%} 230600 { Bu2B6o || 42 211966 scrvis | 43 | onesee | acenTs 
45 | D507aR | SOs210 | 48 342056 | ses91s | 4B | 258500 | eatT ; 
44 230972 | Be8559 || 4¢ 249948 | 894055 . -esede | s04TES 
Be) See! ae] Sel a Se ses 
! 254880 | ~46 
G Sire| sir 2 328) $8 | £ Een] sens 
_ : 4@ 254718 
49| 231998 | Sense | 29: 24519 Sees ast “aes | apeien 
B) + 22S) BeNese | BO | ASESS BSCR RY «= SS5GTUE | ANETSI 
b1{ 232275 | see008 |) 52 | ey woneae |p er seine | sera 
BI | 232469 | BEES? | 52! DB4876E | BLESTD 58 ‘250494 | ~0T881 
53 2649 | 866699 83 | 248956 @8T512 so 20568 | 40TTI2 
Be lcs |! eran. oe eegiee Paice Nowe, aheree caren: 
| 283128 | 867896 | 8S | 244887 | 8TORO be | osenTr | “408874 
BG | 283910 | 867744 | orl. pasvig |: peceee I er | ceseyee | “aceral 
8T | -223395 | 869098 | BT | 244719 | B88667 BS | 256466 | ~“4(9CR0 
5a | 355103 | Gesiee | be | state | carne | oe eee | eee 
60 | 283935 | segrae | ‘45288 | CSNCSE |} 6 | 
AN LL eC ETC I ET TTT TED OCT LAT CE II OID LI ETT TESOL EIT tat 


ExTreRnaL SECANTS. 44 
$9 DEGREES. 40 DEGREES. | 41 DEGREES. 

{ ee ee oe 

Min. ] Nat. Na Logarithm || Min. | Nat. No. Logarithm. {| Mio. | Nat. No. | Loga i 
0 . 0236760 | 9°457518 0 7 | 9-484879 9484879 | 0 | 0°825918 | 9°511921 
1, -287068 | 457977 1 | -805726 | -435882 | 1 | -825848 | -312348 
3 | -287866 | -456486 2 | -306)45 | -4S5785 9 | -325684 | 512796 
8 | -287670 | -438895 8 | -806364 | -486238 8 | 826020 | -513244 
4 | -287974 | -459853 4 | -806684 | -486691 4 | -826855 | 312091 
5 | -288279 | -459812 5 | -807004 | -487144 & | -$26692 | -514133 
6 5 “460270 6 | -807824 | -487597 6 | -827020 | -314555 
7 | -283€83 | -460729 || -807644 | -498049 7 | -827865 | -515¢989 
8 | -289198 | -461187 8 | -807965 | --488501 8 | 827702 | 51548) 
9 | -289498 | -461645 9 | -808285 | -483054 9 | -328040 | -515926 
10 | -28988 | -462102 || 10 | -8¢86.7 | -489496 || 10 | -828878 | -S16374 
11 |} -299109 | -46 11 | -808928 | -489958 | 11 | -828716 | 516820 
13 | -299415 | -468n18 || 12 49810 || 19 | -329055 | 517268 
13 | -290721 | -468476 || 18 | 809573! -499761 || 18 | 329908 | “517714 
14 | -291.28 | -468934 || 14] -809804{ -491214 | 14 | °829781 | -5isi6o 
15 | -291835 | -464392 || 16 | -$1¢217 | -491605 || 45 | -880070 | -51S607 
16 | -291641 | -464849 || 16 | 810540 { -492117 || 16 | -88)410 | -519033 
17 | -291949 | -ae5g07 || 17 | 810863 | -492568 || 17 | 280750 | 519399 
18 | -292257 | -465764 || 18 | 811186 , -493019 || 18 | -s31090 | 519915 
ly | -292054 | -466221 |} 19 | -311510 | ~493471 |] 19 | -381480 | -520393 
20 | -292873 | -466078 || 290 | 811834: -498928 || 90 | -381770 | -520887 
21 | ~293181 | 467185 || 91 | 912158 | «91974 {| 91 | -882111 | 521984 
22 | -293499 | -467598 || 29 | 912483 | -494924 || 99 | -332459 | ‘521730 
23 | -293798 | -468049 |] 98 | 8128.7 «95276 || 98 | -882794 | -522175 
24 | 291107 | -468505 || 94 | -818189' -so5726 | 94 | -883186 | 522621 
25] 20417 | 469962 | 95 | 813457 | -496178 | 95 | 893478 | -523:°67 
25 | -294727 | -469419 |} 96 | 813783, -496698 || 96 | -883820 | 523513 
27 | -293036 | -469875 || 97 | -814108 , -497079 || 97 | -834168 | -523959 
98 | -295346 | -470881 || 98 | 814434 | 497529 || 99 | 3345 524403 
29 | -205656 | 470787 |] 29 | -814760, -497980 || 29 | -334849 | 524849 
8) | 295987 | -471244 1] 80 | 815u86 | ~498430 || 80 | 835193 | 525295 
81 | -296278 | 471699 || 381 | “815418 | -498880 | 81 | 885536 | -525739 
82 | -296589 | -472155 || $9 | 815740} -499380 || $2 | -885S80 | 526185 
$3 | -205990 | -472611 || $8 | 816068 | -499781 || $8 | -386324 | 526629 
84 | -297212 | -473067 || 84 | 316396 | 500281 || 34 | -836569 | 527074 
$5 } -297524 | -473529 || 85 | 816724 -500681 || 98 | -886914 | 527519 
86 | -297336 | “473977 || 86 | 317052 | 801181 | 96 | 837260 | -527964 
87 | 298149 | -474482 || $7 | -817381 -B01581 || 87 | -887605 | 528409 
$8 | 293461 | 474388 || 88 | 817710 | -502031 || 38 | °337930 | -52S853 
89 | -298774 | 475348 || 89 | -818089 | 502480 || 89 , 838296 | -529997 
40 | -299038 | -475798 || 40 | -818368 | -502929 | 40 | 838648 | 529749 
41 | -299491 | 475238 || 41 | -13697 ' 5038378 | 41 | -838990 | -530186 
423} 299715 | -47c708 || 4g | 819597: -Sossas | 49! 889387 | 530631 
43 | -300029 | 477168 || 48 | 819356! 504277 | 48 | -839681 | 53107 
44 { -300343 | -477617 || 44 | -819¢87 ' 304726 || 44 | 840931 | 331519 
45 | -800658 | -473972 || 45 | 820018 | -505175 | 45 | 840379 | 531968 
46 | -300073 | 478537 | 46 | 820950 | 505624 || 46 | -84°723 | -5321°8 
47 | -801283 | 478981 || 47 | -820681 | 506078 || 47 | “841977 | 532351 
43 | -801698 | 479495 |} 48 | 821018 | 06598 | 48 | -841425 | 533295 
49 | -3)1918 79389 || 49 | -821345 | S0697L | 49 | “841774 | “558739 
5) | -3)2234 | -489344 || Bo | 821677! 397419 | 50 | -842123 | 834189 
51 | -302550 | -489798 || Bi | 822%9° BOT867 || 81: 842473 | 534626 
52 | 852366 | -481251 | 52 | 822349 ; 508317 || 581 -842828 | -535070 
63 | 80193 | AS17I5 || B38 | 822575 + Bc765 | 5B BAITS | 53°518 
54 | -803590 | -452159 || 84 | -823008 |; 5092129 || 84 | 843528 | -535936 
65 | -303818 | -482618 |} 55 | 823341; ‘doosei || 55 | g43874 | 596400 
56 | -3041385 | 483066 || &6 | 823675 | 310109 || 86 | 844226 | 536843 
67 | 804452 | 493519 || B87 | -824009 | 510558 | 87 | 844578 | 587297 
BS | B770 | 483078 || 88 | 3243431 S11005 | 88 | 344999 “337729 
59 | 335080 | 494426 || 59 | 824678; 511458 | 59 845981 | 593172 
GO | “305407 | ~484879 || G0 | 825018 | 511901 || 60 | 245638 | D886 


— 


444 | Vurszep Sinz 


42 DEGREES. | 43 DEGREES, | 44 DEGREES, 


Min. | Nat. No. Logarithm. i Bin | Nat, Ne. | Logarithm Min. | Nat Neo | Logarithm. ° 


Se See | 
0 pe 940.9581 © | 0268646 | 9429181 | © |0280660 | 9448181 | 
4 | 257050 | 410017 4} 268915 | -4ogsoz || 41 2809cr] 448498 
2 257945} 110346 2} 20943 | s2gger @\ 281064} -448806 
3 237430 | -410674 8, 269242 | --480142 $| 281966} ~“449TIS 
4| 257684! -4110¢3 | 4| 269440 | -ascaea | 4! 2814c0| -4490491 
5 | 257829 | 411832 5 | 269659 | 480788 5& | 23165 } w4ar4s 
6! 258.24 411660 | 6 | 2693388 | -48f103 6, 28IST£{ 450CK5 | 
7, 253219! 411988 | 7! 270087 | 491498 T | 239076 | 450866 
8 9539114 | 412817 || &! 277936) ~481743 |} 8! 2999791 ~a5067¢ 
9 2586.9 | 412644 || - 9} “270434 | -482062 9 | ‘259482 | 456990 
10 | 258805 | 412072 || -10 | 27c638 | ~ss2a81 || 10; “292684 | ~5180L 
11} 259900 | -418299 | 121 -giggeg | -499701 |} 42 | 299S8T | 451615 
12| 259196 | 418628 | 12) et10se | ~433Cz0 || 12/ 288c90 | 51994 
13° 259361 | 413955 || 18/ 371981 | -433889 || 18 | 2ss2es!] ~«HO985 
14° 259536 | 414282 || 14| 971490 | ~493657 I 44/| -283495° 
15° 239782 | 414609 || 15 | 971629 | ~4833976 |} 161) 2S3e98 | 245985 
16 250977 | °414935 | 16 | ‘971898 | -43499%5 46 | ‘283901 | -458167 
17 26178 | 415262 || 17} -gv2008 | 434613 || 17 | @e4mea | 458477 
18 , 260869 | “415389 | 13 | gi22aT | “34931 | 18 @e4scT | “458788 
19! 260565 | 415916 || 191 72407 | -435950 || 79| 284510 | ~a54r98 
20 | 260760 | 416242 || 20 | 2726296 | -485568 it 801 gea7is | - 
21 | -260956| 416368 || 21/ 972806} -435986 || et; eS4917| 34719 
22 | 261152! 41684 || 92] 973596] ~486904 || 99, -28819) | ~45BC98 
23 | 261948 | 417220 || 23| 275925 | ~436521 35 | 283324 | 455 
94, 261544 | -417546 || 941 978495) ~sesse || a4! egsnoT | ~aBSG4T 
25 | 961740 | 417871 || 25! 273625 | 487156 || 25 | 285731 | 455957 
26; 261937 | “418197 || 26 | 273925 | 48478 || 86 2e5gs4 | -450266 
QT | 962183 | 418522 || 27 | 2740051 ~s7790 | 97! 286188 | ~s50576 
28 | -362330 | “418847 274995 | -~gsto7 || as | -eges42 | 456885 
99 | -232596 | “419172 || 90 | 274495 438194 | 29 930346! ~wSiTOE 
30 | 999792 | 419497 | 30 | 274625 | 488741 {I 30 | 80750 | 457508 
81 262919 | “419323 || 8% | 274825) 430557 |] 8f| eSc9ns | 457814 
82, 203116 | “42u147 : 26 |: 82 287157 | ~s58120 
83: -268313 | “420472 600 | 38 | 287361 | 
84 -253310 | 429796 006 || 841] 287505 -4587Re 
' 263706 | 421120 | 85.) 287779 ' 459045 
339) 421444 | : 86 | “287974 | -459858 
“421768 ! 87! 289178 ~4tocer 
42292 | | 88 298983  ~59969 
429416 | 89 -9SSS8T  -46( FIT 
499739 | ) | 40 | 2esoz 461585 
423062 | | 4t| 288996, ~6rs92 
423536 | 42; 289900 + 461199 
423709 | | 4B) 299105, 461506 
“424033 | 44| 289610 | 461813 
424854 | 45 259914 ' 469190 
AIAGTT | 46) 290019 | 462497 
424999 47 | 290904 | 462734 
425899 43| 29499 ~wO804T 
425644 | 49 | 290684 | -seRe47 
425967 | 50 | 290889 | 468658 
“426289 | | 51! 291044 | 468959 
426611 52‘ 291949 | 464263 
426932 5S | “464571 
ATTIDA 54 | 291660! 464877 
27576 55 | 291863 | €6518@ 
ALTSOT 56 | 292070 | - 
“428919 57 | 292976 | ~“ebToa 
428539 58 466099 
*423960 59} 292688 | ~6640¢ 
‘429181 60 | 292893 | ~686708 


49 DEGREES: 
Min. | Nat. No. | Lew ere 
0 | 0345653 “gos ‘55861 8015 
1 | 845 589. 57 
2 | -84638 5E95.0 
8 | °346691 | 539942 
4] 347(44 | B4(385 
5 | -347°99 | 540828 
6 | 847758 | 541270 
Z| 848107 | 541712 
8 | -848462 | “542156 
9} B48S17 | 542597 
10 | 34917 548089 
11 | -849598 | 348482 
12 | -849884 | -548924 
18 | -850240 | 544366 
14 | -850597 | 344808 
15 | -850954 | 345249 
16 | -351310 | 545690 
17 | 851667 | 5461382 
18 | -852025 | °346574 
19 | -8523884 | ‘547016 
20 | 852742 | 347457 
21 | -858100 | 347898 
22 | 853459 | 548389 
. 28 | -853818 | 548780 
24 | -854178 | 49229 
25 é 549663 
26 | -854898 | 550104 
27 | “855258 | =°550544 
28 | -355619 | “55(985 
2D} B5k980 | 3351425 
80 | 856841 | °651866 
81 | -856708 | 352307 
82 | -857065 | 552748 
83 | 857427 | 558189 
84 | 857790 | 558629 
35 | 858153 | 354569 
36 | 858516 | “3545°9 
8T | B5S880 | 854949 
88 | 359244 | 555389 
39 | -859608 | 55829 
40 | 259972 | 56269 
41 | 860887 | 56709 
42 | 860702 | 557149 
483 | 361668 | ‘557589 
44; 861438 | ‘358028 
45 | 361799 | 58467 
46 | 362166 | -3589°7 
47 | 362522 | 559346 
48 | 362899 | 559786 
49 | 863266 | 660225 
50 | 363634 | 360665 
Bi | -3640038 | 361104 
52 | 864370 | 361548 
58 | 864739 | 361982 
54 | 865108 | 362421 
BB | -865477 | 562860 
36 | -865847 | 568299 
BT | -866217 | 368788 
5S | -866587 | 564176 
59 | 866957 | 364615 

. 68 | 367828 


| 


ExvernaL Sgcants. 


48 DEGREES. - 

' Min. | Nat. No. | Logarithm. 
0 | 0367328 | 9565054 
1 | 867699 | 565492 
2 S86SC70 | 665980 
8 | 368441 566868 
4 3868818 | ‘366807 
5 | -869186 67245 
6 | *8€9559 | 67684 
7 | 869932 | ‘368122 
8 | “870805 | ‘368560 
9 | 870678 | “568997 

10 | 871052 | 369435 
11 | 871427 569674 
12 | 871801 | ‘d703i1 
18 | 872176 | ‘370749 
14 | ‘872551 | 71186 
15 | -372926 | 71628 
16 | -8783(9 | 72061 
17 | 87867 672498 
18 | ‘874655 | 372985 
19 | -874432 | ‘5788738 
20 | 874809 | 378810 
21 | °875187 | 74248 
22 | -875565 574685 
28 | “875943 575122 
24 | ‘876821 575559 
25 | ‘876700 575995 
26 | 877079 576432 
97 | ‘877478 | 376868 
28 | 8778388 | ‘377806 
29 | 878218 | T7742 
80 | °878599 | 78179 
81 | ‘878979 | S78615 
82 | 879360 | 379052 
88 | ‘879741 | 379488 
$4 | 850123 19924 
85 | 838C5C5 | B8C861 
86 | 886888 | S8C797 
8T | 881270 | %81238 
$8 | 881653 581669 
89 | 882037 $82105 
40 | 882420 382541 
41 | 882804 | 82977 
42 | -8881S8 | 683412 
48 | 888578 | 588848 
44 | -883958 | 584284 
45 584719 
46 | -884729 | -685155 
47 | 885115 | 385591 
48 | -385501 586026 
49 | 385888 | 586462 
50 | -886275 | 386896 
51 | 886662 | 387832 
52 | 887050 | ‘387767 
58 | -8874388 | 388203 
54 | 887826 | 88637 
55 | 888215 | -5897C2 
56 | 888604 | ‘389507 
57 | 888993 589942 
58 | 889883 | 390877 
59 | 889778 |. 89812 
60 | 800164 | 391247 


44 
44 DEGREES. 

Mon. | Nat. No. | Logarith:u. 
0 | 6°S0(164 | 9591247 
1| 89 554 591681 
2) 89945 | 592116 
8 | 891836 ; 892550 
4 | 891728 | 92985 
& | 892121 | 695420 
6 | 802518 | 59e854 
7 | -8929¢5 | °594288 
8 | 898298 | 594722 
9 | -893¢92 595157 

10 | -894C85 | 595590 

11 | 894479 | 596024 

12 | 894874 | -596459 

18 | 8952¢ 596898 

14 | 895664 | ‘597326 

15 | -896C59 | ‘597760 

16 | -896555 | ‘598194 

17 | -896851 598627 

18 | 897247 | 3990661 

19 | 897644 | 599495 

20 | -898C41 £98928 

21 | -898489 60( 362 

22 | ‘898837 600795 

23 | -899235 601229 

24 | 899688 601661 

2 | 400082 6(2(95 

26 | 40(431 60.2528 

27 | -40(881 6( 2962 

28; 4C€1231 “68595 

29 | 4016381 668828 

80 | 4C2(82 | °604261 

81 | 42483 | 64698 

82 | 41.2884 605126 

88 | 48225 6 5559 

34 | 408687 6 5991 

35 | -4(4(40 66425 

86 | -404448 60-6857 

87 | 404546 607290 

88 | -4(5249 607723 

88 | 405653 | “6C8155 

40 | -4¢6(58 68588 

41 | -406462 | °6(9(20 

42 | -4CC867 60.9452 

48 | 407272 | “6€9884 

44 | -40T678 61(€316 

45 | -408(84 616748 

46 | ‘48490 611181 

47 | -4(€996 611613 

48 | -4(94(3 612045 

49 | -4(9710 612477 

50 | 41€117 612968 

51 | -41(525 618340 

52 | -41°984 | 618772 

58 | -411342 | 614208 

$4) -411751 1 -614685 
35 | 412160 | -615066 
56 | 412570 | -615498 
S57 | -412981 615930 
58 | °418891 616861 
59 | 4188C2 | -616793 
60 | 414218 | 617224 


446 Versep Sings. 
45 DEGREES. 46 DEGREES. 

Min. | Nat No. | Loga ithm || Min, | Nat Ne. Logarit m 
© | 6-292398 | 9466709 © | 0805842 9°484786 
1| 293099 | -467014 1! 805551 485088 
@| 293395 | 4673819 || @| 05760 -485981 
8 | 293511 | 467624 | 31| 05970! -485678 
4| 293717 | -467928 4| 806180 ' 485976 
5 | 203923 | -468283 || 5 | 306889 | “486273 
6 | 201129 | ‘463537 | 6 {| 806598 | -4865T0 
7 | 294335 | -468842 || 7! B06808 : 

8 | 201541 | 469146 8} 807017 | 487163 
9 | 204747 | 469149 9 | 307227 | 487460 

10 | 291958 | -469753 10 | 807437 | A8TTBT 
11 | 205159 | 47056 ti | 807647 158 
12 | 295365 | 470860 | 121] -Bu7a57 | ; 
18 | 293572 | -470683 || 481 -308067 | “gad 
14| 205778 | -470968 ;| 14 | 808277 | 488041 
15 | 295985 | 471270 || 151 308487 | 489987 
16 | 296192 | ‘471573 || 1461 @uS697 | -489599 
17 | 209393 | :471876 | 17 308997 | -4ggse8 

18 | 296605 | 472179 | 18 | 09118 -499194 

19 | 293812 | -472481 || 19 | --309398 | 490419 

. 20 | 207019 | “472784 | 20 | 309588 | 490714 
21 | -297226 | 473087 | 11 -3(9748 1 491069 
22 |} -297483 | -473888 || 98 309050 | -491305 
98 | -297640 | ‘473691 || 98 10170 | 491600 
24 | 297847 | -473993 || 941 810381 | 491908 
25 | 298954 | -474295 || 951 -s1059t | -492199 
26 | 203261 | “474507 | 26 | sicso1 | -492498 
9% | 208468 | -474898 | 971 811012 | -492778 
28 | -203676 | -475200 | 98 | -$11298 | -493072 
29 | -203833 | 475502 | 901 911434! -499866 
80 | 290001 | -4759)3 || 30| 811645 | . 493660 
31 | 299208! -476104 | 81 | 811856 | 493955 
82 | 209506} “476455 | 821) 312068 | -494249 
$8 209718 | 47676 || 88 | 912279 | -494548 
84) 299921 | “477007 | 841 812490 | -491886 
85 | 300129 | 477308 || 85 | 812702 | 495130 
86 | 800837 | “47769 | 86 | 812918 | -495498 
87 | 890545 | 4779.9 || 87] 318124 | -495716 
88 | 800753 | -47382;9 || 38] 319335 | -49e0c9 
39 | yv960 | 478509 || 39 | 313547! -496302 
40 | 801168 | 4733.9 || 40] 318759 | -496596 
41 | -301376 | -479100 | 41 | -313970 | 496888 
42 | 801584; -479149 | 421 314182! -497181 
43 | 301783 | 4197s || 48 | “314808 | -497474 
44 | -302)01 | 489008 || 44] 814605 | -497766 
45 | 302210 | -485308 || 45 | 814817 { -498058 
46 | 302418 | -439697 || 46 {| 315129! -498980 
47 | 392626 | 433907 || 47 ‘315241 | 498042 
48 | -812385 | -481206 | 48} 315458! 499984 
49 | -368048 | -481595 i| 49 | -815665 | -4¢9996 
59 | 803252 | -481894 | 50 | 815877 | 499518 
51 | -803461 | 459102 || 511 816099 | -4998°9 
52 | -803670 | -482101 || 58] 316301) -BOCI01 
58 | -808878 | -482699 || 58 | 316513 | d0C393 
54 | -3)4987 | 482998 || 54 | -816726 | 500694 
55 | 84296 | -483296 || 55 | 816989 | -S0C976 

| 56 | 804505 | -483595 || 56 | -817152 | 501967 
, 5ST} 804714 | -483s98 || 57 | 8173864 | 01557 

58 | -304923 | ~484191 || 58 | 317576 | 501848 
59 | -805138 | -481498 || 591 817780 | 592199 
6) | “805343 | ~484786 || 60 | 818001 | 502429 


AT DEGREES. 


Min. | Nat No | Logarithms 


eee eee Oe ee eee 


si 
. 


0 | 0°8318001 | 9 

1! 319914 | 502720 
21 818427 | 508010 
3} 319640} = 

4| 818953 | 508590 
-& | 319066 

6-| 819279 | 504170 
71 819592 

-$| 819705 | 304730 
-9 | 819918 | 305089 
10 | -820182 | 05899 
41 | 3203845 | 505618 
12 | 820558 | 305907 
18 | 820773 | 506196 
14 | 820986 | -506486 
45 | 321200 | 506775 
16 | 321414 | -307064 
17 | 821627 | 307882 
18 | -801841) 507641 
19 | 322984 | 507990 
20 | 322268 | 508217 
31 | 922482 | 508508 
22 | 322696 | 508798 
23 | -822910 | -50908% - 
24 | 923124 | 509869 
25 | 923383 | -5696BT 
26, 323552 | 509044 
27 | 828766 | 510281 
28 32398t | 510519 
29 | -324196 | 510807 
Bo | 324410 | 511004 
81 | 924694 | 511881 
82} -3249889 | 11668 
88 | -325058 | 511985 
84! -25968 | 5129249 
85 | -$25483 | 12529 
86 | $25698 | ‘S12S15 
87 | -825012 | 518101 
88 | 826127 | 518887 
89 | 326342 | 18673 
40 | 826557 | 313989 
41 | 826772 | 14243 
42 826987 | B14581 
43 | 827208 | 14817 
44) 327418 | 315109 
45 | 827688 | 515388 
46 | 827848 | 15678 
47 | 828064 | D15958 
4s | -399930 | 516244 
49 | -g23495 | 316599 
50 | 828711 | 316914 
51, 828936 | -B17¢98 
52 | 829142 | 517888 
58 829358 | 517668 
54° 320578 | 317933 
55 829789 | 318236 
56 830008 | B18521 
57 | 330991 | 318805 
38 | -880487 | 519089 
59 | 830658 | 319878 
60 | #880869.; 319006 


Exrzeywat Secanrs. 447 


45 DEGREES. - 46 DEGREES. 47 DEGREES. 


Min. | Nat Nu | Logavithm 


Min. | Nat. No. | Logarithm. |! Min | Nat. No. | Logarithm 
nn ead nnn 


0466279 9°668646 


© | 0-414218 | 9617224 |}. © ; 0489557 | 9643915 , 0 
1 | -414625 | -617655 || 1 | 499901 | 643444 | 1 406787 | -669072 
|  «@ | -415987 | -618087 |;. 2 | 440425 | 643879 | 2 | 467195 | -669493 
. 3 | -415450 | 615518 |. 3 | -440859 | -644800 | 3! 67653 | -669904 
{ 4 -415868| -618950 | 4 | -441294 |) -644728 4| 468112 | -67.859 
- 8 |. 416976 | -6198st || 8 | -441729 | -645156 8 | 408571 | 670776 
6 | -416699 | 619811 |; 6 | ~442164 6 | 46930 | -671251 
7 | -417102 | -620242 | 7 | ~442600 | -646012 7 | -469499 | -671697 
- 8 | -417516 | -629673 | 8 | 443087 | 646410 | 8 | 469951 | -672:53 
9 | -417920 | 621094 | 9 | -449475 | -646869 9 | 470413 | 672478 
10 | -419345 | -621585 |i 10 | ~443912 | -6472997 || 10 | 470878 | -672994 
11 | -418760 | 621965 |! 11 | ~444950 | -647725 || 41 | 471335 | 673880 
13 | -419176 | -622398 || 19 | -444788.| -618153 | 12 | 471797 | “6728755 
18 | -419599 | -622827 | 13 | -445226 | -648581 || 13 | «472250 | 674161 
14 | -420008 | 623257 |; 14 | -44B665 | -649009 || 14] 472728 | -674697 
15 | -429495 | -623688 1° 15 | 446105 | 649487 || 15 | 473187 | “675/38 — 
16 | -4%.842 | -621119 || 16 | -446544/ 649864 || 16 | -473650 | -675459 
17 | -421959 |. 624549 |i 17 650292 || 17 | 474114 | 675853 
18 | -421677 | -624980 | 18 | ~447425 |} -650720 || 19 | 474579 | -6768 9 
19 | -422005 | -62541u | 19 | -447865 | #1147 || 19 | -475044 | 676734 
20 | -422518 | 625340 |, 20 | ~448306 | 651574 || 90 | A755°9 | -677159 
Qi) -429989 | -626271 |! ot | -448748 | -852068 | 94 | 475975 | -6775S4 
22 | -423351 | --626701 | 99,| -449190.1 -sneasc || 93 | 476442 | -678>10 
8 | -423771 | -627181 || 23} 449682 | -652857 || 93 | 4769.8 | -678435 
Q4.| -424191 | 627561 |} 24 | -459075 | 658985 || 94) ATI375 | -675860 
25 | 404811 | -627981 || 95 | -450518 | -e5a712 || 95 | -477S48 | -679285 
26, -425981 | -628421 || 26 . -450961 |- -654199 || 96 | 478311 | -679710 
27 , -425452 | 62881 || 27 | -451405 | -654507 || 27 | -478779 | -68.185 
23 ' -425374 | -029281 || 28 ; -451859 | -s54904 || 99 | 479248 | -689560 
29 426293 | -629711 || 29 ; -459294 | -655421 || 99 | 479713 | -63°936 
80 426718 | -C3)141 |} 80 | -452739 | -655848 || en | 489188 | 681411 
Bl , 427141 | -630571 || 81 | -4581s5 | 656276 || 91 | 482658 | 631836 
$2  -427568 | -681000 | 32, -453681 | -656708 || 93 | 481129 { -682261 
33 | -427986 | -631480 |] 38 | -454977 | -657139 || 88} 431620 | -682696 
84 | -423410 | -631860 || 34 | -454524 | -657557 || 94 | “92:71 { -698111 
$5 | -4238385 | -632200 | 35 | -454971 | -6579 ¢ {| 95 | 439543 | -683536 
36 | -420360 | -63272) || 96 | -455419 | -655211 || 96 | 453.15 | -68893) 
$7 | -429994 { -633149 || 87 -455967 | -659838 || 87 | 493487 | -69433 
B83 | -43U1:9 | -639578 | 88 | 456315 | 659265 | $3 | 493960 | 0845 9 
89 | 433534 | -634(8 || 39 | -456764 | -659009 || 89 | -491153 | -685234 
4) | 43.970 | -684437 | 40 | -457213 | -660119 || 40 | 48497 | -685058 
Al | -431386 | -634366 | AL, -457662 | 660545 || 41 | 435381 | -686°93 
AQ | -431812 | -635295 1 49 , -458112 ; °660979 || 42 | 485856 | -685508 
43 | -432239 | 635724 | 43 | -453562 | 661398 || 43 | 496538 | -esao3s 
A4 | -432667 | “686154 { 44, -459913 1 -661825 || 44 | 4868:8 | -687358 
45 | -433 95 | 636583 | 45 | -450404 | 669251 | 45 | 487284 | -687732 
46 | -458523 | -637..12 4s | “459915 | -662078 | 46 | -487760 | 6832.6 
AT | -433951 | -637441 | 47 | -460367 | -663104 || 47 | -489237 | -688631 
48 | -434580 | -687870 1 48 | -460820 | -663581 || 48 | -48ST141 | -659.55 
49 | -434510 | -638299 | 49 | -461278 | -6e3058 || 49 | -439192 | -689479 
BO | -485239 | -638728 | 60 | -461726 | 664984 || BO | -439670 | -6s0974 
Bi | -435609 | 689157 | 51 | 462179 | °664810 || 51 | -492149 | -69.398 
52 | -486100 | 639586 | 53.| +462632 | 665286 || 59 | -499623 | -693759 
58 |. -486530 | 640014 || 58 | -468087 | - 58 | -4911 8 | 691177 
34 | -436961 | -640448 | 54 | -463548 | -666089 || 54 | -491583 | -6916.1 
BS | 487393 |. -64(872 |! 55 | -469908 | °666516 || 55 | 492069 | -692°26 
56 | -437525 | -641301 | 566 | -464453 | -666049 || 56 | -492530 | -69245) 
BT | -488253 | -641789 | B7 | -464906 | 667368 || 57 | 493031 | 692874 
58, -488690 | 642158 | 58 | 465865 | 667704 493512 | 698293 
69 | -489123 | -642586 || BO | -465899 | 668299 || 59 | ~493094 | -693723 
G0 | :480557 | “643015 | 60.| ~ee27D | -e6sees || 60 | ~404477 | “6041 


448 ‘Versep Snves." 


48 DEGREES. 


Nin | Nat Ne | Eogaiithm. 


| 49 DEGEEES. 50 DEGREES. 


' ' 
| Mie | Nat No. | Jogarithm Mia. 1 Nat. Neo ' Eepayithm 


; 5 ; | 9536464 || 0 , 0857218 , 9559997 
: / s8ic83 , bivee | ¢ | easteo | oeecer || | 857485 | B5S19T 
>| agi pargee | 9 | 844850 | 587088 || 3% 857658; -B58468 | 
3 | eerste | eneor | g| 944600} 587815 || 8! 857881: 568739 
z| ‘ssites | sooroe | 2 | season | sarcea || 4 seeica | -apaace 
5 ‘831951 | 521074 |! 5 537868 5 858897 | 554980 
Bee ver’ aaiese | 6 | 315950 | o3e145 |} 6. -258550 1 -554550 
7 | ‘eazsee | 521640 7 | 840479 | 598422 |} 7. 858774 | 54821 | 
tl Secon | orgs | oS | gape | -seecoe || og! -esecor | cbeecay | 
5 | saesi7 | seonos fi S| padre | bace7s || $) 850090 | 555861 
S| qunose | -papasp | to | 346189 | 550251 || 40 | -850448 | 355681 . 
it 888251 | 322771 | 12.1 846859 | 589597 11 | 859666 | -855 
933468 | 98054 |" 19 | 846580; -Se9scs |] 19 | -858690 | 556170 | 
13 | mesesa | cossse | 22| pacsoo | osocte || de | serie | teeaso 
14| 333901 | 523618 | 34 | -847020 | -54cana || 14 | -g6c887 | -5567C9 | 
15 | 334118 | 523900 ; 15 | 847240 | -84c6s0 || 35 | -S6(56tN -B5e979 
16 | 934895 | passe | y¢| -s4r4en| 4x96 || 16] -S607e4) 557248 
17 | B34552 | 5 17| @84768t | B4118t | 17 | -261008 | 857517 
i, esrr | tears | 18 | 847901 | -541456 || 48 | 361982 | -857786 
9 | 23ies7 | poses | q9| 48192 | b4i731 || a9 | -861406 | -sEsens 
935204 | $25309 | 90! 848342 | . $420C6 0 | -861680 | -5&Sse4 
t | 35421 | 525591 | 91 | 348568 | 542281 1} of | -8619C4 | -B5eRe3 
@ | 885688 | 25872 og | e487e4| 540556 || 9¢| 862198! -BESsEo 
3 | eassns | soe1es | s8 | 819005 | t498H1 23 $9308 9181 
5 Sues | Beers | = eipaat 543sst || 95 | -g628co | 559668 
336509 | 2cgot | 26 | g4gces | 543656 || 96 | 68104! -5r9986 
or | aserat | barat | eT | 4osso | s48080 || or | 268949) 560204 
S| 36044 | B27558 | 98 850110] -544ec4 |] 98 | 368478’ -beca72 
so | aaries | parses |i 99 | 850881 | 544479 |] 99] -sesc9T | Be0T40 
By. eeiey Sesto! 30 | 850552 | 544758 || 30 | -gesse2 | -se1oes 
ort erbos | beee00 | oo | sorts | ascse || oe | -seeice | seisce 
4 B87816 | 598680 | a2 950994 | 345800 || 82 864571! 561544 
pa 52s960 | gg! 251215 | 345374 || 33 | -gecs98! sSe1sti 
4} | ‘520040 | 941 851487 | b45848 || g4¢| 864820 | -BED079 
85 | 338470 | 29520 : gh. 851630 | 546192 | 85 | -B65c45 | Seosae 
6 | 888683 . 629800 | ge: -s51880 | B46s95 || se} -geseea | “begets 
ar | esavee | esoces ' Se! gsciaa | tacees || ar | gees | -neoest 
88 | @20124 | 58035@ 88 | 852328 | S1codt || ge | 865719 | 568148 
oo | etasaa ! aouces- 39 | 852544 | D47214 || go | -BerO4d | “E8415 
40 | 339560 | S8C918 | 40 | 852766 | 47497 || 40; -BcG1e9| dcsEse 
41| sogr7a | -saiiet | 41, @59088 | 347760 | 41 | 366294 | S68O45 
42| 839008! -ssi47e | 42 | 953910 | t4scas | 4a! soccie| 564918 
34.916 | D317 | 43. | 353492 | sassce || 4s | seeds | Seaage 
a2| Bic43n | 38234 | ae | abe | saso7e || at | B67c@ | bed748 
5B B00 | «-DS2518 | 4 | -BDBS7E | «<BAS951 || 45 | 867994 | “E6515 
461 gi0878 582502 ' 46 | B51(98 ; 349194 || 46! -8c7520 | -be5e81 
at | sing: ‘SrtA | at | 854520 | 5409596 aT | “867745 547 
| cuit Soren | 45 | gosee | Sapoes 48 | 867970 | “565818 
49 | 341529 -ba3498 | 49 | 854764 349940 | 48 -8(8196| 566079 
811743 58876 | «BO | Bd4987 | -B5c219 || Bo | Sossat | Se6s45 
eee oor «837985 | «Oot | 855209 «6 eBc4ane || opt! -scgeeT | = Seeett 
Bo | oieier = aoen. | 52 | 855431 350756 || Ba | -s6es73 | SE6877 
Ba. | HASAGGE. BBGSET. - OR [omBBORAG. canieat || Ga | cmeaceR lL. -Bernas 
bt | 342605 | 534sia Ba | 855876 | 851200 || 62 | scesaa | Se7408 
55 | 842844 | 535°9T | 65 | -856(98 | 551570 || 85 | 8C8550 | 567678 
56 | 848068 | 485074 | 86 356891 | 351849 || 56 -8CQ7T6 | 367989 
57 | -sasoss | sasesa |. pr | @de544} -s5o114 || or | -s7acea.| -Ses204 
58 | 648502 | $8502 || 68 | 856767 | B30885 || Ba | 870298 
69 | 843721 | 336206 | 50 | 856090 | -ss265e || 89 | 870454 | DeSTA 
, 60 | 242042 | sagas | eo | BO721R | 852093 |} €0 | -870680 | 68900 


ExreewaL Seeants. 449 


43 DEGREES. 49 DEGREES. 50 DEGREES, 
Min. | Nat, No. | Logari:hn |) Min | Nat No Logarithm ‘| Min. + Nat No | Logaridm 
Aaa | Gnas | i ORBIGA < DTl0NaL 0 4 ODASTAL| O-74isrO 
© | 0494477 | 9°694146 Bac | Sibies | 1 556263 | ‘74528 ) 
1 | ~494960 | 691570 2 | besara ; 120886 || 2 | So0s4 | -74572 
3 495448 ~691994 3 52578% | 720308 8 D57344 °746393 
8 | -495927 | -695418 Popoee | ronaat | 4 | 57885 | -746545 
4 | 493412 | -695942 4 ‘soesoo | -7aiess | 5 | “DOSdeT | -7409u6 
& | 7495306 | “606266 | Oo | so7aea | 722076 || 6 | 838960 | “747593 
#1 “orser | -eoria | 7 | sersap | -rozia | 7 So9D1L | -TA7S 9 
i Ber : 29 8 | 5600 TASS: 
a] est] ier | 3] sepa aaa | $) gees] sce 
87 10 | 56 7 
10 | 499327 | -698385 || 10 | 529378 | “72 s || 11| -beiesy | “749404 
14 | -409314 | 603898 || 11) “b20ees | 724185 | IN| eosoaa | -7aD016 
48 | -b0u802 | -co0a3s || 12) Se0des | 728610 8 | | ABORT 
18 | 509790 | -e99s58 || 18 | -D9-924 | 125089) 18 | ~BS2T78 | “750897 
14! -501279 | -700079 || 14 | 681440 | “725454 | 15.| -Béss71 | 751189 
15 | -591768 | -700508 || 15! 581957 | “725877 | 16 | 564418 | “751601 
46 | -b92258 | -Too9e7 || 161 -BBRATS | 726209 | 16 | DOAtTS | eee 
AT ; 502749 | -To1s51 || 17: ‘Se2gee | “ra6ra1 | 17 | “bene | 
18 | 593299 | -T01774 | 18 | 538510 ; “727148 | 19 | -de6063 | -752S65 
19 © 59973) | -702198 |) 19 | -581929 | “727565 | : "753286 
; : 727987 || 20 | -B66619 | °75 
20 | aH “702621 | 20 | pees | Toeaey Stl se7ice | 758707 
21 | 504713 | -703045 || 21 | -b35068 | “72 vis | meaies 
| ell. a | i +B35580 728988 || 22 | °b67 
22 505205 | -T08403 |) 22 | “5 | 7995 | 983 |} 568263 | 754549 
28 - 505003 | “7083891 || 23 | 586110 ple al ' 94 | 569815 | -754971 
5 a iss | 38) Sotss | “anos | 38 | oer | “Tosa 
: oO i : . 26 "56 * 
26° 597180 | -705162 || 26 | “587675 | “780520 97 | 870473 | “756214 
Bi -b0T6T4 | “705585 || 37 | ‘Dagies | -rB004B || 27 | “‘brodya | “7oGet8 
28 | 508169 | 706908 | 98 | ~DSS72t | “781364 | BS | ETIOR | TNT 
29 | -508664 TOOTI 99) See ence) oy | apeiges| wenedog 
8) | 309160 | -706854 || 30 | eee | ela $1 | 572689 | -757919 
81 | -509657 | -707278 |; 81 | “40204 | -732680 | oa. | cnraeas | 758840 
32! -510154 | -707701 Se ee eee he arvaann. | crberat 
331 -510651 | “708124 |; 83 | “541845, “783474 | 941 “574957 | 79189 
34° 511148 | -70S547 |! 34 | ‘541871 | -738896 | BA | Cah | ie 
85 ' -511646 | -708970 | Bo eee. ain | apei arbana | toe 
86 | “512145: 709304 || 86 | bi2925. T8474) |) 86 | “bTALD | THN 
See | as | ‘Sango | 795588 |] 8 | -rosen | -tensoo 
| “olsl ea ras | 544598 ; 78600 | 89 | ‘S77148' -7612 
89 | 513945 ° -710688 39 eas 1 401 “*BT7768 T61T68 
401 51448 , -711087 | 40 | 345087 , “786426 943 | -762129 
T1139 | 545567 | 736848 | 41 | 578268 
A | ee | Tre | | ier | rors | aa! sreeno | -Toenso 
42 | 515148 | -711932 || 42 | °546097 | “787270 | a aoe 
| xa 712855 || 48 | -346623 | “T87692 | 48 | 579390 | 7629; 
44 | 516159 | °712778 || 44 | -B47159 | “738114 | ee 
ATG 438535 || 45 | °b96514 
an Riot 713390 || 40| Basooe | aseoor | a6 | stort | -70123 
48 | -517153 | -715638 || 46 | 548222 e 164655 
: . 739379 || 47 | 581641 : 
47 | 517662 | “T1L4G | 47 | 548755 A3ps00 || 48 | °$89225 | “765.76 
I OT tT Ni | ceagegy |’ canna Ih ab. CRCaTzO. (-CTOSI0T 
49 | “519670 | 714992 | 49 | “549921 | “740221 | 50 | °5S8335 | -76591S 
50 | pt0175 | -715si¢ | 50 | -550355 pantie. kobe -peepa0.| “260283 
Bl: 519681 | 715737 | 81 | 359890 | “7 1065 iE en | are 
52 | -520188 | -716160 | 52 | 51426 | “74148 595088 | “767181 
See | Br | poaser | 142980 | B4 | B85600 | -7Hi0 2 
54 521292 LETS | 55 | 558088 TADTB1 BS, °B861¢68 768 22 
pa 7 Tass | F1T830 | 56} -s5s571 | -743178 || 56 | 586737 oe 
: “17850 |: | “7495 57 | 587296 § 
57 | 822725 | 718273 || 57 | 354109 | -748505 | pe aetna 
| “Seotas | Torts | bo | pooten | tauane | be | “bases pt 
60 | ‘824953 | “719541 | 60 | *D55ST24 l “T44859 i 60 | 589916 


—_ 


450 Versep Srv. 


411274 | 614151 
4115°8 | “614379 
| Atiit4 | 614697 
411979 | 6148785 
*$12215 | 615128 


66 889492 | HS2NG77 | 
B57 | 885607 D30987 My 

58 ; :853880 | ‘381196 | 58 | -897720 | -509578 
59 | 54110 | 384455 || 50 | -ROTONS | -BO9RR9 
60 | 884859 | ‘SS4714 |] 60 | °898155 |} -6C0083 


SSEASSRSSASES 


5! DEGREES... | 58 DEGREES. 53 DEGEEES. . 
Nat. No Lezarithm ' Min ' Nat Ne | Loga; jhe Min. | Nat No Logarithn. 
0 087068)  9'56S989 O | 084889 | 9584714 | 0 | 0-89SIS5 | “660085 
1| 87906) 369264 1 | 884508 | £8:973 1 €98°1T| -600398 
2° 81132 Se0reg | 2! Be4797 | 385082 | | 893650 | “00591 
8 871558) 369793 8, 385°27, 385491 | 38] B9scs2; 800S45 
4| @7itst: dis7 ft 41 395256] se574g | 41 499115} 601096 
5 | BT1S19 = BT BEB 5 | 885485 | 586608 | S| 89934T | G01S52 
6! Bi2°37 = -Bi556 6! $85715| 386266 6! #99280 | -enTéecs 
7 | 872968 | D70S69 r | 85914 | 386595 | TF | 899812 | 601856 
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58 | 7831 72; 7766| —-9486)280 2555, 71918) | 8257/286 1159| 2 
59 [158 0868 176 ta 194 0784'219 2595 5618249 0191] 6874, 43061 1 
60 | 8844, 8270) 8808, 5566) 8682) 8280) +9492] 7454) 0 

-}. 81°. | 80° | 79° m7° |. 76° | T5°*| 74° |! 

| Natural CoTanGcENts. 


462 NatTuRAL Snes. 


16° | 17° | 18° | 19° | 20° | 21° | 22° 


275 6874 292 8717 869 0170 825 5682 342 0201 858 8679 374 6066 $90 7811: 69 
91 6499, 2936! 8482, 2035, 6895 8768! C989 59 

| 5702 826 1162 5668. 9110 875 1459 891 2666! 58 
4761298 2u61/ 8468/8982’ 8400 859 1825 4156, 5843 57 
7556 4842 310 1234 6681 848 1183 9 4540 68.52 8019 56 


7628, 8999] 9480, 8865, 7254 «95.47 892 0695 55 

8147 294 o4us! 6764 827 2179, 6597 9968876 2248, 8371 54 | 
5941|. 8193' 9599! 4928 9829860 2652 49881 6047 53 
8736] 6963811 2294' 7676344 2060; 5895 7632! 8722 59 
978 1530| 8748 5058888 0424 4791! 8108877 0827 398 1897 51 
10 4324995 1522' 7899/8172 7521861 0821. 8021; 4671, 50 
11 7118} 4802312 0586] 5919 845 0252' 8534 = B714| «6745, 49 
7081;  8349| 8666 «= 2089} 6246 = 84s! = 9419 48 
9839 61123829 1418 5712; 8938878 1101804 2193 47 
14 5497 206 2638 8875} 4160' 8441 362 1669 8794 4766 46 
15 829)| 6416318 1638 6906346 3000 4880 6456 7489 45 


© BIR CLM 09D HO 
8 
a 
S 
oy 
w 


16 280 10383 8194 4400 9653, 8900 7091 9178 395 O111, 44 
9802 379 1870) 2788 43 


17.| 8075297 0971! 7163380 2398 6628! 

18 6667; 8749 9925 6144 9857368 2512 4562! 5455 42 

19| 9459, 6526814 2686 7889847 Ques] 5228 «= 7858| «8197, 41 

20 281 2251| 9303, 5448 ‘881 0634! = 4812| 7932] 944.896 W798, 40 

91 42208 2079 8209 8879 7540864 0641 880 2684! 3468! 89 

99 7833; 4856815 0069, 6128348 0267| 8851/ 5824) 6189 88 

28 282 0624) — 7632, rf 8867 6059| 8014} — 88u9. 87 

24. 8415209 0408  6490'882 isi 5720 

25} 6205, 8184! 9250) 4855 

26 89951 5959816 2010] 7098849 1178 4184! 6082 6818, 34 

97 '288 1785] 8784  4770| _9841| + +3898} + 6891, ~— 8770] —«9486, 8 
8 4575300 1509 7529 888 25 882 1459898 2155. 82 


4284817 0288, 5826] 9349866 2308, 4147/4828 
7058; 8047] 806.850 2074| 5012; 

9949  9939' 6805384 0810| 4798| 7719! 9522-899 0158 
5731301 2606! $552}  —'7528'867 0425 888 29/9 


2 

29 

80 |284 0153 

32 

88 8520 588) 818 1821 6293 351 0246 8130 4895. 5492) 27 
84 

85 

86 

88 


285 1308}  8158' 4079! 9034, 2970) 5886) 7592 8158 26 
4696 302 0926) 6836 885 1775; 5693] 8541884 6268 400 C825) 25 
3699' 9593; 4516)  98416'368 12461 29381 3490] 24 

87 96711 6471819 2350| 7256 352 113 8950| 5639} 6156, 28 
286 2458) 9244, 5106 rs $862; 6654 9824)  8821| 29 


6884 


39 5246 308 2016: 7863886 2735 9858 385 1008,401 1486) 21 
40 8U32! 4788 820 0619 5475 9306 869 2061 8693; 4150} 20 
41 287 0819 7559; 8374 8214 858 21:27 4765 6877| 6814) 19 


42 8605 804 0831 6130/3887 0958 4748 7468 9060 9478) 18 
43 6391 8102 8885 8691 7469 870 pao 1744/402 2141) 17 
44 9177 5872 821 1640 6429 354 0190 4427 4504) 16 
45 288 1963 8648 4895 9167 2910 iste 7110 7467) 15 


46 4748 305 1413 7149 888 19.5 56380 8276 9792403 0129: 14 
47 7533 4183 9908 4649| 350/871 C977 887 2474 2791, 13 
48 |289 0318 6958 822 2657 7379 855 1070 3678 5156 5458) 12 
49 8108 9723, 411/889 0116 8789 6379 7837 8114) 11 
50 5887/806 2492, 8164 2852 65118 9079 388 0518404 0775) 10 
51 8671 5261 828 C917 5589 9226/3872 1780; 8199 3436) 9 
52 |290 1455 8030 8670 8825856 1944 4479 550 6( 96 

58 4239 307 6798 6422'340 1060 4662 7179 8560 8756 
54 7022 3566, 9174 8796 7380 9878 889 12401405 1416 
55 9305 6334 324 1926 6581/857 0C97|873 2577 | 4075 


56 291 25S8 9102 9265 2814 5275 6598 

7429841 2000 5531 19738 9277 

4636, 825 0180 4734 8248'374 0671390 1955 

59 (292 (935 F408 2931 F4E3 858 COGL 

60 8717,309 0170 5682'342 02C1 8679 
‘| 43° | 49° | 71° | 70° | 69° 

NATUBAL COSINES. 


See aA EE a A TE SS SE SS PP ET EE PAE, 


6734 
9393 
406 2051 
47¢ 
7366 
66° 


8369 
6066} 7811 
68° | 67° 


~ 2 = BD CO He OI VOD 


| 

8768 881 0704897 1479 386 

8447 865 1476 8393 4148: 85 
( 


NaruraL TAanGents. 4(3 


1s° | 19° 


Son een ae ie ee 


20° 


22° 


ea ee ee oe ae ee 


© |286 7454805 7807:324 9197 844 8276363 9702883 8640'404 0269 424 4748] 60 
1 |287 0602 306 0488825 2418 6580 864 2097 384 1978 3646' —_8182| 59 
2 3751 3670) 5680: Tes 6292; 58171 7(31'495 1616) 58 
8 69) 6852, 8848. 345 9588 8656 405 0417, 3051| 87 
4 |288 0089 '807 0084'826 2066 6296 865 2885 885 1996; 884 8487! 56 
5 8201: 8218| 5284 9553. 6182 5887; 7191 426 1924) 5B 
6 6352, 6402; 8504846 2810 =: 943u,. «Ss 8679 406 L579, 5861) 54 
q 953 9586 997 1724 6068366 2779 £S6 2021! 8968  sgcdl 58 
8 1289 2655308 2771; 4944 9327; 6079, 5864 7358 427 2289] 52 
9) 5893 5957] 8165847 2556, 9879-878 407 0748) 5680] BI 
10 8961| 9143 828 1887; 5846 867 2680 887 2058, 4189| 9121] 50 
11 1299 2114809 2850/4610 9107, 5981-5898; 781428 2568] 49 
13 5269, 5517; ——«- 7883.848 2368 = 9284’: 8744-408 (924! BOLE! 48 
18 8493! 8705 829 1056, ~ 5630868 2587 888 2(91 4318| 9449| 47 
14 291 1578 $10 1893 42811 8893 5890 = 5489 = s-7718'429 2604| 46 
15 4784 5083 7505349 2156 = 9195'S 8787 409 11(8! 6389) 45 
16 789) 8272380 0731 5420 869 2500 889 2186 4504; 9785) 44 
17 |292 1047811 1462: 3957 8685 E866, = 486, 7961486 8289] 48 
18 4205) 4653| 7184350 1950!  9112' + ~—-§887'410 1299 «gal 49 
19 7363 7845, 381 0411! 5216870 2420890 2189' 4697431 0199) 41 
20 293 0521312 1986' 8689 £483 5728-541; MT, 8579) 40 


21 8680, 4229 6868 851 1750 9(86 8894 411 1497, 780) 39 
22 6839 7422 832 0097 £013 371 2846 891 2247, 46898 482 (481; 58 
23 9999 818 0616 8327 8287 5656 5662' 8300 8983] 87 
24 1204 3160: 8810 6557 852 1556 £967 £957 412 1708 7886| 36 


25 6321' T005;° «9788 4826872 2278392 9813  51¢6'488 odo! BB 
26 9438 $14 0290988 3029'  §096\ «5590 5670! 8510! «42951 84 
27 1205 2645, 8896 6252. 858 1363, 8903' 9027418. 1915! 77511 88 
28 5808! 6593; 9483 «4640 878 2217898 2886 5821484 19081 89 


29 8971! 9797884 2719 7912, 5592 5745! 8798 46651 81 
80 296 2135315 2988 5958954 1186 — 8847 ~—«9105.414 2186] 8124) 30 
5299 435 1588] 29 


_ 6186: 9188 4460 874 2168 394 2465, 6544 
8464 9385885 2424 84! 79 5827 = 8958 5( 48) 28 
Ps 1630 316 25385 5660 355 1010' 8797: 9189 415 2868 8504] 27 


-y 
J 


4796, 5785's 8896. 4286 875 2115895 2552 «774.456 1966] 26 
7962, 8986886 2134' 756 2 B48 5916 = 9186, 429 25 

208 1129317 2187, 6872856 C840! 8758’ 9980416 O98 sags! 24 
4297, 5880: 8610-4118 876 2073896 2645 6.12487 28571 28 
7465 8501.887 1850: 7897; «5804, 611.9426) 5828) 29 

299 0634318 1794 5.90857 0676' 8716, 9875417 2841; —gasgl 91 
| 88938 4998 8880 8956377 28S 897 2746 — 6257,.488 2756) 20 
6978 8202838 1571! 7287; 861 6114 9678 goa4l 19 
800 0144819 1407; 4818358 C519’ 8685 «9468.46 B91! 96981 18 
| 8315, 4613; 856, © 88 11 878 C14 898 2958 651 9 489 8168] 17 
7088, 53856224 «9928 684] 16 

| | 4548359 03:7,  8661' 9295 419 8848.440 01D) 15 
801 2831 4239! 7787; 8651 879 1988399 2968 6769-8578 14 
| 7440840 1082; 6986, 58151 6841420 6190 ~~ 751 18 
9178 931 0649; 4278 860 0222 §=— 86441 9T1S. «86181441 (626) 12 
02 2852  3858' 75241 8518880 1978400 8089 = 70861 nat! 11 
5527' 7067 841 0771! «6795 ~—«B802; +6465 421 04601 74771 10 
8708822 0278, 4019861 O82]  8C93; 9841  —Bseb'44o C954] 9g 


~SSFALHLSSASESREGRESASSSRASRE SLA 


808 1879, 8489 «= 7267| «=: 8871 881 1964401 8218 7811; 4482| 8 
5055, 6700 842 0516} 6660/5296, 796.422 0788, 7910) 7 

8232, 9912 8765! 9949 8629; +9074 ~=—4165'448 19001 6 

804 1410'g98 8125; 7015,862 8240882 1962402 9854 7te4| 4871 5 
4588, 6388 348 0266; 6581) 5296 6784498 1028] estal 4 

7767 9552 8518| 9828] 8681408 0115 4458444 1884; 8 

305 0946 824 2766,  6770/868 8115388 1967, 8496 7684 58181 2 
4126 5981844 0028} 6408, 6808} 6879424 1816; sec] 1 

7307| 9197 = 8276] «= 9702 864404 (209 ~~ a748'445 9087| 0 

73° | 72° | 71° | 0° | ex | 68° | 67° | 6H |! 


NarvgaL CoTaNGEN's, 
TL A Peper ener 


ARAL Natura S:nes, 

ch ear. 6 | 26° | 27° | 98° | 29° | sic [' 
1 4,6 7335 422 6183;488 8711 458 9905 469 4716 484 896 500 0000515 (381 6) 
1 407 0024; 8819) 6896454 2497, 7284485 0640 2519 2874 89 
y) 2681 423 1433 8940 5083 9852, 8184, u87, 867 53 
8 5337) 449/489 1558 «7679470 2419 + =«5727.—Ss«*7586' «= 7859 7 
4 7993! 6725 4166455 0269 4986 8270501 0078516 0351 56 
5 498 0619, 9360 6779 2859 7553486 0812 2591 2842 B85 
6 83.5 1494 1994 9392 54494710119 3334 56107 3833' B4 
7 | 4628/440 2004  8)88|- 2685 5895 7624 7824 38 
8 8615' 7262 4615 456 0627, 52501 8486 502 0140517 0814' 52 
9 4:9 1260, 9395 7227 $216! = 7815.487 0977, 2804! Bt 
10 8923 125 2523 9988 5804472 0380| 8517! 5170; 5293 50 
11! 6577; 161/441 2448 8392, 2944 6057. 7685 7782 49 
12; 92301 7793 5059457 0979, 5508 8597508 0199518 (27. 4g 
13 410 1833'426 0425 7668 856 8071 488 1186, 2718 2758 47 
14 4536] 8056/442 0278 6153 473 0684, 8674, 5297, 5246 46 
15 7189} 5637 2887 8739} 8197 6212' 7740 Tid3 45 
16 9311 8318] 5496458 1823] 5759) 8750504 0259519 (219 44 
17 (411 21921497 0919 8104 8910 8821'489 1288 2765 = 27.5 48 
18} 5144! 8579/4148 0712 6198 474 0882) 38525 5276. 5191 42 
19. 795 62008, 8319 9080] 3448 6361 7783 7606 Al 
2) 412 0445}  8383' 8927459 1665 6004 8897505 (298520 0161 40 
21; 896428 1467| 85 4218! 8564490 1488 = 28.9, 26.48. 89 
22} 745) 4.995 444 1140! 6532475 1124] 8968, 5819130)’ 38 
23' g393| 6723' 8746 9415 8683! 6508 7828 7613, 87 
24 418 1044 9351 6352 460 1998 6242' 9088506 0838521 0696; 36 
25 | 8693/4290 1979 8957, 4580 88.1491 1572, 2816 579 85 
28 | 6342|  4696'445 1562 7162.476 1859 = 4105, «5855 CG1 94 
27 8994) 7233' = 4167’ 97441 8917: 6638. 7363 7543 33 
28 414 1633! 9339! «46771 461 2325, 64741 9171 507 0370 522 Ww24 3B 
29 4285 480 2485] 9375. 9581492 1704] 2877) 2505 31 
8.) 6932, 5111/446 1978 7486 477 1538 4236} 5384) 4986, 30 
31 9579 7736! «4581 462 0u86 4144 6767|  7890|  7466' 99 
82 |415 2226 481 0361 7184 2646 670! 9298508 0896. 9945; 28 
33 4372 2986 9786 5295 9255 498 1829, 9901528 2424, 27 
34 7517,  5810|447 2883 784.478 1810, 4359) 5406 493 26 
85 |416 0163 8234 499) 463 0382 4364 6889: 7910!  7381' 25 
36 2308 482 0857; 7591 2960 6919 9419509 0414 $359 98 
37 5453, 8481 448 0192 5588] 9472494 1948, 2918524 2536. 93 
38 6297, 61082192 8115479 2126 4476, «5421, 4813, 28 
39 1417 O741' = 8726 = 5392 464 0692, 4579 «= TUUS 7924, 7289) At 
40 $385 488 1348 7992 8269 7181' 9582510 0426  9766' 20 
41 6028 8970449 0591 5313) 9683 495 2060, 2929. 525 2241, 19 
42 857i! 6591 8190 8420'48) 2285, 4587) 35420) 4717; 18 
43 1418 1313: 9212 8789465 0996 4180) 7113, 7930) 7191) 17 
44 8956 484 1832' 8387 8571 7387 9699511 0431 9665! 16 
45 6597 4458. 450 09sd 6145] 9588496 2165| 2981526 2139) 15 
46 9239 7072, 8582 8719481 2488! 4690) 5481; 4613] 14 
47 419 183) 9392 6179 466 1293] 4987 a5) 79301 7(85 18 
4S 4521 435 2311 8775 8866] 7587 9740512 0429 «= «ABS 12 
49 7161 4930 451 1379 61391452 (0086 497 2264, 2927 527 2.80) 11 
50| 981 7548 9967 gaial 2694! ars 5495, 452, 10 
51 [420 2441486 0166 6563467 15984 8182] 7310 7923) 6973 9 
52 518) 2734 9158 4156] 7789 9838 518 0420. 9143, 8 
58 7719-5491 452 1753 = 6727488 0277 498 2855, 2916 528 1914) TF 
54 1421 0858 = S.)18 = 4847 92981 9894 4877) 5418 4383: 6 
53 2996 437 0634 6941 468 1869) 5370, 7399 7908! 6953 5 
56 5034 82519585): 4489) «7916 =: 9920514 0404 «= 9892 4 
57 8272 5866453 2123 7009484 0462 499 2441| 2899529 1790; 8 
58 |422 0919 8482 4721 9578; 3007; 4961; 5803) 4 9 
59 8516 488 1097, 7813 489 2147/5552 7481| 7887] 6726) 1 
60 6183; 8711' 9995. 4716} 8096500 0000515 Os81; 9193; Oo 
65° | 64° | 63° | 62° { 61° | 60° | 59° | 58° | ° 


Natura, Cosme. 


NaturaL TANGENTS, 465 


28° | 99° | 80° 


25° | 26° aie |! 


le 24° 


ee ee ee 


a 


——_— | oe ee ee eee oe 


1443, 2987 466 8077 487 7826509 5254531 7094554 8091577 85°8 690 8606 60 
5773 «6618488 6927, 8919582 6826) 6894! 7882601 2566 59 
9260 467 0161) 4580510 2585, 4559555 (608578 1262 6527 58 

446 2147) BTL, 8138, 6252 $293; ddud) 5144 602 0499 57 
6938 7250489 17371 9919 588 2u29| 83111 «9 87, 444 56 
9126 468 G96; 5343511 8588, 5765556 2119579 2912 8419 55 

447 8216 4342, 89497259 953-5929 6797 608 2886 54 

| Giv8' 789.) 490 2557 512 (93) 584 3249' — 9789580 (681 6954 58 

‘448 0200469 1439 © 6168' 4602 «6981 557 8551) 4573 604 6393 52 

' 3093, 4998 9775! 8275585 C723' 7864! 8462 «4294 BL 


Eueoseiesus 


7187 8539 491 8386 518 1950, 44€5 558 1179 581 2353! 8266 50 
449 6682 470 2¢9)) O61) 5625: §2 3 4994 6245 605 2240 49 
4178, 5643 492 0610 93(:2 586 1953) 8311 582 (1189, 6215 48 
7675 9196! 4224 514 2989 5699 559 2629} 4('34 606 0192 47 


450 1173471 2751) 7838 = 6658! = 9446's 6449) «= 7930; = 4170 46 


4672, 6806498 1454515 0338 587 8194560 (0269588 1828} 8149 45 
8171/9863, 5071! «419 6943} 491] 5726607 2130 44 
451 1672472 342) 8689! 7702588 C604’ 7914, 9627} —=—«6112 48 
18 | 5173-6978 494 2308516 1885) 4445 551 1783564 8528 608 01.95 42 
19 | 8676478 0588) 5928} 5r69' 8198! + 6564 7481] 4°8) 41 
20 (452 2179 = 4.98} 9549] «8755599 1952| 9391585 1835] B67 40 
21 | 5683 1659.49 B1T1 BIT 2441] bTu7 562 8219, 241,609 2054 3 
22| 9188474 1222 6794! «= g129' «= 4ed! «= eae! = gn4s' 6.43. 8 
23 |458 2€94 4785496 0418, 9318. 540 8221 568 (879 586 3156610 C034 37 
24} 6201 8349] = 4°.43.518 8508 6980's 4719 ~=—6965 «4°26 86 
25! 9709475 1914 7669, 7199541 C740! = 8548587 (876 B19 85 
26 [454 8218 5481497 1297519 (S91|  45:.11564 2879, 4788 611 2.14 34 
27| 6728 904s] = 4995] 4584] 8203 6218S 8702S G11 88 
28 |455 0238 476 2616, —8554| 8278 548 26.27 565 0050568 2616 612 O08 82 
29| 875)!  6185,498 2185520 1974, 5791) 8988 6533 4607; 81 
80 | 7263! 9755 5816] 5671] 9557) «7728589 0459 «80.8. 80 
81 [456 0776477 8326] 9419} 9863548 93214566 1563’ 4869 618 2010; 29 
82 |  4299' —-6899.499 8482521 8067]  7692| 5410| 8259 6°18 98 
83 | — 7816478 0472| —6T17|_ «6767544 0862 —- 9954.59 2911 614 0018 27 
84 457 1822, 4046500 0332,522 0463  4632.567 898 9, Clee Bh 28 
85} 4839 7621] 8989} 4170] 84:4) 6914501 0°58 U2. 25 
86 | 8857479 1197] 7627] 7874.545 2177568 0791. 8984615 2r41' 24 
87 |458 1877;  4774:501 1266528 1578 
83 | 53971 8352 
89.) 8918480 1932 
4) 1459 2439 5512 


5901 4689, 7910 6('52' 23 
4906 5284 9727, S458 592 1859 616 OC64 22 
§547 8990 546 35°3:569 2339: 5768 4077; 21 

502 2189524 2698! 7231) 6191' 9699 8°92 24 


5952 = 9293} S32] «4G 47.547 1050570 45593 8632 617 21.8 19 
9486 481 2675 9476525 6117 4840! 8899 7565 6126 18 
460 8311" 6258508 8121 99291 8821! =: 7755594 15.1618 6145, 17 
44| 6537] 9842] Gr63| 7541549 244571 1612 = 5457 4106, 16 
45 461 Ui 4 482 8127 504 0415526 1255! 6188. 5471! 9375 8188 15 
8591. 7014] 4068 4969| 9073 9331. 595 3314 619 2211| 14 

7119 483 0601 7713] 8385549 3759 572 8192 7255 6236' 13 


48 462 0619) 4159 505 1868 527 2462 7547, 70 54:596 1196 620 0203 12 
49 41 79! T1783 ols 612,550 1835 578 6918 5140 4291| 11 
50 7710 484 1368 8668) . 989 §125 4783 9°84 ace 19 
51 |468 1248 4959 506 2322 528 8569 8916 8649 597 3635 621 235 9 
52 4776 8552 5977| 4281 831 27:8 574 2316, 6973 “ee 8 
53 $810,485 2145 9633 529 1004| 65. 9 6885 598 (926 622 0417) 7 
54 1464 1845 5739 507 3290 4727 552 0297575 255: 4877 4452) 6 
55 6882 9384 6948 8452 41.93 4126 8828 84831 5 
56 8919 486 2981508 0607 580 2178 789) 7999 599 9781 628 2527) 4 
57 |465 2457| 6528 4267 26553 1688576 1873, 6735 6566, 8 
58 5996 487 0126 7929 9634 §488 5748 600 0691 624 C607) 2 
59 9536 8726509 1591531 8364 9283) 9625) 46148 4650) 1 
60 1466 8077 7826 5254 794 354 8091 S77 8508 8606 86é9t! 0 

65° | 64° | 63° | ea | 61° | 60° | 59° | 58° | ’ 


NartvBaL CoTANGENTS. 
=e ee Se 


166 Naturav Sines 

‘| gee | g3° | g4° | s5° | s6° gs° | sg° |: 

0 529 9198544 6890 559 1929 573 STo4 37 7853 661 8159615 6615 629 B24 6d 

1 530 1659 = 8880, 4840 = 8147 588 026602 C473 £0:.7, C4 2&9 

2 4125545 1269. 6751574 05290 2358 2795616 1198! 7724 58 

8 | 6591, 8iu7| 9162 2011; 4910, 5117, 8459 9083. 87 

4! | 9057) 6145560 1572 5292 7289 7489 5730 680 2229 §6 

5 5811521 8583) 8981" 7673S 9618' = 9760! = CD, BCG, BB 

6 8936 546 1(20/ 6890 575 W'53.5S9 1964 608 2.80617 0859,  67ES 54 

R 6450] $456 798, 2432, 4814 4400, 2648  9C15 53 

8 8913' 5992 561 12:6, 4811, 6663 6719 4936681 1279 £2 

9 582 1876 8328! 86141 «7190 «39.1288 Ss 7204S 8525 BA 

10 8839 547 0768]  6021' «968.590 1861 604 1356 9511! 5784 50 
11 63:1, 8198] 8428576 1946 = 8719 = 8674618 1798 BEN! 49 

12 763} 5682. 562 (884) 4323, 6657, 5991 = 4( 84. 682 C293" 48 

13 588 1224' 8066] 8289, G70’ = 8404 BRB «EBT; BHAT, «AT 

14, 8685548 C499} 5645 = 9076. 591 0750605 0624 8655 4800! 46 

15 6145,  2932| 8049577 1452, 3696 2040619 (959, 7C58. 45 

16 8605) 5365568 (453! 8927 5442-55255“ 8294's «98 6 44 

17 '584 1065! 7797 2307 6202; 7787, 7570, 8507688 1557 438 

18 8528 549 (228)  5260| 8576592 0182 9884 7790; 3889 42 

19 5982} 2659! 7668578 (930| 2476 606 2198620 (673; 6if9 41 

20 8140] 590,564 0066; 8828} 4819 4511 oF 831(' 40 

21 585 ¢898} 7529) 2467) 5696 7168 6824 4696684 (ZEQ 29 

29 8355] 9950} 4869; — S69} = 95CH 9186 = EDIT, += a8! 88 

28 5812 550 2379] 7270 579 0440593 1847 607 1447 9198, BLT, BT 

24 8268, 487| 9670] +2812] 4189, 8758 C21 1478, 78CE, 86 

25 (586 0724, 7286565 2070] 5183, 6530) 6.69) B75T: (9553! BS 

26 8179} 9668; 4469] 7 8871' 8879  6(86685 180° 84 

97 5634 551 2(91) 6868] 9923. 594 1211608 DESO «8814, 4046; 88 

98 869 4518| 9267580 2209] 3550 2958622 erga! cone’ a9 

29 [587 (543| 6944.566 1665 4661) 5889, 5866, 2870;  sds7} 81 

g0| 2996, 9370, 4062] Te80| $9281 «7614. -5146 686 0782; 80 

81 54:9 552 1795} 6459], 9897 505 C566] =~ 9922, «= 7428) S026, 29 

82 7902; 4220; 8856 581 176 2904 609 2279  —9rg8' b27C | 23 

88 15838 05 6645567 1252; 4182] 5241) 458562983 1974, 7512! 97 

4 2816] 9269] 8648; 64981 B77) 6841) ra 9756, 26 

85 5257 568 1492; 6043| = 8864| «9918! 9147! «= 822 687 1998, 95 

36 7708| 8915] 8487582 12301596 2249 610 1452! ed 4o4r! 9g 

87 1539 0158;  6338'568 0832; 8505/4884) 8756624 11091 6481! 28 

88 26:8} 8760, 8225} 5959) 6918 = 660’ §=— 8349] +8721 22 

89 5.58554 1182} 5619! 8528;  9259'  sses' 5614 688 (961) 21 

40 737| 8608} 8011 588 O687,59T 1586611 6666 SBS $2 1} 20 

41 9955]  6C24'569 0403] 850] 8919: 299.625 0156, B44"! 19 

42 540 2413] 8444] 2795) = 412} «6251 B270| += 2497] 7678, 18 

555 (864) 5187; 7774] ~— 8588} 7572] = 496} 9916. 17 

$283] 7577584 6186598 (915; 9873! 69€6 689 2153, 16 

5iu2} 9968} «= 2497| 8246612 2173! = 9285} = 400} 15 

81211570 2857] 4857) = BST7] 4478626 15°38} 662, 14 

46871556 0589 4747 T217 7906 6772! = 8771 (2,13 

2956] 7136) 957/599 6286, = O'71| BCBS 640 1097, 12 

5878} —-9524/585 1986/ 2565618 1369, 835] = B882, 11 

T790|571 1912} 4294) 4893; ~— 8666,627 C571] 5566 10 

4415|557 0206} 4299; 6652] 7291) 5964, 2687 789, 9 

“ 2621) 6686} = 9080] ~=— 9549] = 8260, 12.641 HEFZ, 8 

5036) 973/586 1367}600 1876614 0356, T8C6| 2264) 7 

7451/5723 1459 4202} 9852} 9681} 4496, 6 

9865) 8844 6528; 5147628 1604, 6728 5 

6623/558 2279| 6229 8854 449} 4157; Ss9BSi 4 

46921 8614 601 1179} 9786) . 6420,642 1189] 8 

21051578 0998 $508,615 2020] 8682) 8418 9 

9517] 8881 5827; 4892620 (9481 5647] 1 

559 1929| 5764 8150} 6615 89C4| ste! oO 

56° 55° 54° 58° 83° 51° 50° : 


~———— cee 2 


G 
1 
2 
3 
4 4934 651 0631:676 2u23 pee 728 8218 755 3799 738 1611! 7124 
5 
6 
7 
8 
9 


NatTuraL TANGENTS, 
r{! goe [3 38° 


aL 8591'619 “4076 674 5985/700 ee 5425'758 5541 781 2958'8c9 7810 
625 2739 8212 9818]: 6411 9871'754 0102 7542810 2658 

6783 650 235) 675 8553/701 0749 727 4318) 4660 782 2229 = T478 
'626 0834 649)':  T799|: 89, = 8767l_ ~— 928 6919 811 230), 


' ga? ae 36° 


87° | 38° | 39° 


| 9935 4774 6268702 8773!  7671| 8369 6805812 1961 
627 2938 8918 677 059! sis 729 2125 756 2941 784 1009! 
| 742 652 8064) 4752708 2464 6582' 7514-5 700'818 veil 
628 1098 T211' 8997 ot} 780 1941'T57 2v90 785 04001 6444 
| 5155 653 1360 618 $213 704 1163) 6301] 6668 = 5108'814" 1980 
9214, «5511i 7402} «= 5515' == 9963758 1248: 98u8) 
11. ‘629 3274 9383 679 17411 9869 781 4423| 5829 786°4515 815 958 
12 | 7336654 88171 6993705 4224 8894759 '04138' 92241 5801 
18 680 1899 7972689 0246 ' 8581 782 3302-4999 787 '8935'816 0646 
14 5464655 2129 «= 4501 706 294)| 7832: 95878649] 5498 
15 9530 6287; 8758 7301 788 23:18 760 4177 788 8364 817 0848 
18 681 3593656 0417 681 8)16 707 1664’ = 6777|_ = 8769 ~—s 8uS%! §=— 8195 
17; 7687) 4609 = 7276 GU23. 784 1253 761 8363 789 282 818 OU49 
8772 682 1537:708 0393! —-5730| - 7939 = 7524) 4905 
19 5310657 2937 531} 4763 735 0210 762 2557 ¥90 2248)" 9764 
| 9333 7103633 6066 = 9133) «= 4091]: T7157 ~— «6975 819 4625 
21 6883 8959 658 1271, 4333709 8504] 9174, 768 1759 791 1008 » nis. 
22} 8y85' 5441 86)1; 7873 786 } 3660 63 4354 
23 684 2118' 9312 684 2371! 710 2253) Bay 764 0969 792 1167) ° ee) 
24' 6193-630 8785, 7148 683) 87 2636: = B77, 902821 4093 
235 '685 0274 —- 793.) 685 1416711 1009: tot 165 0188 798 0640! 8965 
26 4357669 9136' 5692) 539.) 788 1620] 4800 5879 822 3840 
27 8141; 6318' - 9969 | 9772) 6115) «9414-794 0121) 8718 
28 (686 2527 661-0492 688 4247 TI2 4157 739 611/766 4081, 4865828 3597 
29, 6314! 4678 8528] 85431 5110/8649. 9611] 8479 
80 637 0703! 8858 687 2810,718 2981 a6 767 8270 795 4859 824 3364 
31 4793662 3)4) 7093! = 782)'740 411 7893  9110| 8251. 
82 8335 . 7225638 1379 714 1712) B18 768 9517 706 8862 820 $149 
83 688 2973663 1413 5666 6106741 8124" 7144 8617, 8081 
84) 7073, 5G 9955715 O501| 7688 769 1773 797 3374 826 2925 
85 689 1169, 9792 639 4246) 4503 742 2143): 6404 8184 i891 
86 5237 664 8934 8533 297, 6655 770 1087 798’ 2895 827 271 
87 | . 9366] 8173 69) 2332 716 sn 7431170, | 5672-7659) 763) 
88 640 8167685 2373 7123 -- =—8100| | 5686771 0809 799 24125 828 2598 
891 7589! 657091 1425717 2505 744 O24, 4948 7193; 7429 
40 641 1673666 0769 = 5725 6911/4724 ~—-9589 800 1963 829 2337 
41 5779’ = 4959 692 0)26 718 1319 246 772 4233 6730'—. T247 
42 9333] 9171, 4328 = 729743 BIT)! 8878801 1511830 2160 
642 8934667 3374 —- 8633719 0141) 82967738 8526 6288/7075 
44 | 8103] 753) 698 2939, 4554746 23241 $176. 802 1067/881 1992 
45 (648 2216 668-1783 7247] = 897)| += 7354774 2827 =—-B849} 6912 
6329 5995 694 1557 72) 8337747 1886 7481 808 632,882 1834 
4 644 444 669 0205 5868 = 78.18) = 642775 2137 —»-B418} «6759 
4417 695 0181721 2227748 0956] 6795 894 0206 888 1686 


49 ‘| ae78 8630; 4496  6650| 3494776 1455  4997| 6615 
50 645 2797670 2345) 8813. 722 1075749 0038; 6118 — 9790,884 1547, 
51 1 | 6918 7061608 8131| 5592| 4575. 777 0782805 4584! 6481. 
oa 646 1041671 123)| 7451] 9930/9119! 448 9392885 1418 
aie 550 697 1773723 4361759 8665778 0117806 4181| 6357. 

bt 9299| 9721] 6)97| —«8798|+—«8212| +4788 ~—«8983'886 1998 
55 647 B117.672 9944 698 0422 724 8227 751 2763 9460 807 rst 6242, 
o8 7546, 8169, 4749, 7668, 7814779 4185 8503'637 1188 
7 648 1676 678 2396, su be si01 is 1860 Rt. 808 3401| ss 

58 5898, 6624 69 $492  8212.888 1.87 


60 1649 4076) 5085 00 8 B41 Te 2856 re 0996! 
"| 67° | 56° 52° | 61° | 50° | 


sat i 


58 9941 674 08st tal 796 = a: gsi ° 8173 809 3025 


= SD AO CO i OUR I 


NATURAL SINES, 


‘| 40° | 41° | 42° 44° | 45° | 46° 

0 642 7876 656 0590 669 18u6 681 9934 694 6584707 1068719 $393 781 8537, 60 
| 643 0104-2785 8468682 21111 8676 B124l S418) BDai! CB 
9| 9832 498), 5628 4237695 0767,  5180| 7483/7598 
8| 4559, 7174 «7789, «6368/2858, 7236] 8457] 9436 
4| 6785, 9367  9948' + = 8489/4949’ +=: 9291 790 1476.782 1467 
5 | 9011 657 1560 670 2108 688 0313; 7089708 1345| 3494) 8449 
6 644 1236, 8752 4266 2738 9198 339s} 5511 5429 
7| 8461] 5044 6424 4801 696 1217; 5451| 75231 7409 
8 5685; 8185 8582, 69841 «= 8305, «7504 = O44} 388 
9 | 7900658 0826671 0789 9107] ~—-5802' ~—«9556 721 1559 738 1367. 


10 645 0182, 2516, 2895684 1229] 7479709 1607/8574) 8845; 
11| 2355 4706 5051' 8850} 9565; «= 8657, B89] 8328 
12| 4577} 6895 7206 5471697 1651) 5707/7602} «7299 
13| 6798) 9083 9361) 7591/8736) 7757] 9615) 9275: 
14| 9919 659 1271 672 1515 Siti] 821|_ 98 16,722 1628 784 1250) 
15 646 1240| 8458 8668 685 1830, 7905710 1854, 8640/8225 
16| 8460 5821; 8948 = 9938, 8901] 5651] 199 
17| 5679, = 7881i_ = 7973, «= 666.698 2071 5948/7681] + 7178 
18 


7898 660 0017 673 0195' 8184! 4153! 7905; 6711 9148 
19 647 0116, 2202 2276 0 


20 2334 4886) 4497; 8315) 3)86' 8890 3190 
21 4551;  63570| «6577 699 0896, 4180] 5693; 5061! 
22 6767,  8734' 8727 2476) 6174) 7708 098 
23 |  89S4.661 0936 674 0876; 4555, 8218! 9712) 9002 

94 648 1199 8119 8024687 03 6638 T12 0260 724 1719 786 oeTt 
95 8414] 5800, 5172, 8711;  2808| 8724) 2940) 
26 56281 7482; 7819,  5101/700 0789, 4844, 57291 4958 
27 7842}  9602' 9466 2866} 68851 7734 6875) 
28 '649 0056662 1819 675 1612 49491 8426] 9788} 8842, 
29 9268| 4022 8757688 1435) 7018 718 0465725 1741 787 0308 
80 4489 6200] 5902 95081 2504, 87441 277i 
$1 6692; 8879 701 1167} 4548, 5746, 4788, 
32 80.13 668 0557 676 0190|  (7765/ 32411 638) 7747} 6708 
83 (650 111 97341 9388 9878; 5814 8618 9748 

$4 8824, 4910, 4476689 1981| 7387 714 0655'726 1748 788 0629, 
35 5588 7087| 6618 4080; 9459 2691) 8748! 2592 


9262' 8760 6195,702 1531] 4727/ «BT47| 45531 
He 664 1487 677 901! 8802/3601) 6768} «77451 «BS 1 
651 2158 3612, 3041690 0407} 5672 +8798, «= s«49748 8473! 
4366, 5785, B18i| 95127741, 715 0880,72T 1740,780 0436; 
6572; 7950,  7820/ 4617) 9811| +2868) 8736, += 2894 
8779665 0181; 9459) 6721708 1879. 4895) 5782 
652 €984| 2804678 1597|  8s24| 3047; 6997| 77981 ~=—«46811 
8189} 4475; 8784691 0927 60141 89591 97221 8268 
8029| 8081 716 0989 728 1716740 0223 
7598! 8817;  8007| 5181-704 0147| 8019/8771 181i 
931 666 0937 679 0143) 7282 5049} 5708 4137, 
658 2004| 81561 9978) 93891 4978! 70781 ~—«769. 692 
4206] 5325, 4418602 1432] 68421 gicéel gcse) 8n4e' 
6498 7498) 6547] 8581|_ 8406 TIT 1184729 1677.741 0000, 
8609) 9061] — 8681] 5630705 0469, 8161] 86 1953 
: 0810'667 1828680 0818, 7728}  2532/ 5187) 865 a 


8010} 389941 2046 9895) 4594, 7218 764 5857 
5209} 6160; 5078698 19 6655; 92: 9 78:8, 
7408: 8326, 7209] 4018 8716718 1268730 1628|  9758' 
9607 668 0499 9339, 6114706 2535 8287; 8610742 sn58 


655 1804) 2655'681 1469} 8209, 9835' 5810/6597 
4902)  4818| 8599604 0304, 48941 7e93| = BG } 
6198;  6981| 5728; 2998| e958 9. 9563, 7? 
59 | 88395; 91441 7856, 4491|_ 9011 719 1377 781 1583) 9508 
60 |656 0590669 1806| 9984 3587/7481 
‘| 49° | 48? | 47° | 46° | 45° 42° 


NatTugzalL Cosnvss, 


“2 4 Om ORI © 


NATURAL LANGENTS. 4U 


| ao° | 41° | 42° | 48° | 44° 
0 


U 


45° | 46° | 47° 


ee ee ene en ee ee eee 


'339 6935 369 2357 909 4040 932 5151] 965 6883|1-00 00000 1 -08 55803 1-07 23687' ¢ 
1 5935 7976 9309 983 0591} 966 2511 833] 29 


2840 0915 870 8087 901 4580 6084, 8137 86263" 6 
3 5873 82:0 9854 984 1479) 967 8767 42467 
4841 0344871 3316992 5181, 6928, 9399 48784 Ly 
5! 5312 8435 993 0411 985 2880) 968 5035 55006, § 
4 ‘$42 0782 872 3536 5693 7834| 969 0674 61282, 8 
7, 5735 868.) 904 0979 986 3292! 6316 67561) & 
8 848 073.) 873 3306 6267 8758, 970 1962 73845} 5 
9' 578 8935 995 1557 9387 4216 7610 811132) 5 
10-844 0638874 467. 6851' 9683| 971 8262 86423 5 
pet 5670 9201996 2147 938 5153 §917 ete 4 
i 845 0655 875 4338 7446 939 (623) 972 4575 4 
4 


5343 9178 997 2748 6101} 978 0236 83977 1°08 05821 


14846 0633 876 462) 8053. 940 157 5901 11628| 4 
15 5625, ——-9765,998 886) — 7061] 974 1569 17939! 4 
16 847 062)877 4912 8671 941 2545 24954! 4. 


7240, 
17! 5617 878 0062 999 8994 8983} 975 2014 99894 
18 848 0617, 5215 9390 942 8523 8591101 05272 86596, 4: 


19 5619 S79 0370910 4919, 9017} 976 4272 43223) 4 
20 849 062% 9523 9956 49554) 4 
21 5631 88) 0683 911 OTT 5643 55S89} 3! 
22 S50 064), 5352912 059 978 1833 62228) 3 
23 5653 831 1017, 7027 68571) 3°, 
24351 0667, 6186918 O79. 2724) 74918) 3¢ 
25 5684832 1357 84 81269) 3% 
26 352 0704 6531 914 1 980 4127 87624) 3- 
20 5726 883 1707 9 984) 3: 
28 858 0759! 6836915 2615 981 5548 25581/1-09 00847) 3: 
29 STTT 884 2968 982 1256 06714) 81 
80 354 087, 7253 916 6973 18683) 8¢ 
31 5839 885 2449, 988 2692 19460} 2¢ 
82 355 0873, 763) 917 8415, 25840) 2¢ 
33 5911886 2332 3) 984 4141 82223) 23 
$4856 095);  8)17918 4740951 1784 9871 88610) 2¢ 


99786 3 
85  B9QZSST 8215919 0104 7826 99% 5603'1-0205728| 68544 -45002| as 
36 857 1037] 8415, 5471952 2871 9 116 


ert 8319929 0841. 8490 57797| 29 
35.958 1133! 8823 6214933 3971 64201! 29 
89 6183 899 4983921 1590 9526! 70609! 24 
40850 1249, 9244 6969954 5033 77020] 20 
41 6297/89) 4453922 2350955 0644! 6] 19 
42860 1857| 9673: 7734 628 89837! 19 
48 6419 891 4891923 8122956 1774! 96281! 17 
44861 1431892 0116, 8512 7344! 24119 1°10 02769 16 
45 65351 5341 924 3000 957 2917| 09141) 15 
46 862 1621893 0589, 9301 8494. 15578 14 
4T 6694) 5799925 4700953 4973 992 92919 19 
48 863 1768 894 1032923 0102 9 28168} 19 
49 6316) 6268, 5506959 5241 84912) 14 


50 864 1926, 895 1596 927 0914 960 (829 95208 41865) 19 
51 709 6747, 6324, 6421 TTTT|1-08 01196 47823) 9 


52.865 2191896 1991928 17388961 2016 54264 
33 7131; 7238 7154 761 60750 
54 866 2272 897 2487 929 2578 962 B25 67219 
55 736. 7739 z 78693 


81220 98702; 80171 
372951107 04943 86658 
43254 11187! 98140 
8775 —s- 9714. 9635 1268 999 4184 49277 17485| 99630 
60 869 23671900 4040932 5151 ada 0000; 55803; 28687 1-11 06125 

| 47° | 46° 45° 44° 43° | 42° 


fe 
ae 40 WIOQIC... .._. 


99 
a 867 246) 898 299498) 8421 9638 43 


“Dm WOR OAANID 


70 Natura. Srwes. 


t 
| 4° | 49° | 50° | 51° | 52° | 53° | 54° 
0 (748 1448 [r04 7096 (766 0444 TTT 1460 [788 0108. 708 6855. 809 0170 | 60 
1| 9304 g290/ 1898 | 8105, 1879 , 59 
a| deco 155 oot | ts | 5120 | 8688 | 58 
8; 7285| 2918} 6051 | 6949 | «B77 (799 1604 | 5296 | 57 
4! goo9t 4724! 7918! 8777 | 7266 | 3352| 7004 | 56 
5 7441178 | 6630 | 9785 778 0604! 9054| dio! $710 | 5 
6, 8115 585 ‘767 1652 | 2481 780 Ossi | e347 ‘810 0418 | 54 
7 | 5058 [736 0439 | 8517 | 4988 | 2627{ 8598] 2199 ' 53 
3| 6999! 2343/  5392{ 60841 4418 {890 0388} 8826 | 52 
9' g9ai| 4946{ 7246! 7909/ 6198] 9¢83| 5580 | 51 
10 743 0881 | 6148| 9110' 9738! 7988! 8927] 7234 | 50 
11 | 23911 8050 768 0973 ‘779 1557 | 9767 i{| 936 | 49 
12 | 4760 | 951 | 2885 | 3880 (790 1550 | 7814 811 0698 | 48 
18 | 6699 [757 1851| 4607 52n9|  8333| 9058. 2339 | 47 
14} ese! 6751 ' 904} 8115 [801 0797 | 4040 | 46 
15 746 0574| ses0{ sig’ seis | 6896, 2598| 5740 | 45 
16|  %10| 7548 769 0278 730 06es | 8676] 4278 | 7490 | 44 
17| 4446| 9446, 9187, 2485 701 0456] 6018 | 9137 | 48 
13 | 6882 ‘758 1848  3998| 4994 J 7156 81 43 
19: g3i7| 3949] 5853| 6123] 4014| 9495] 2892 | 41 
2) rar opbi | 5188] 7710 | 7040 | BBE oe 1282 | 4299 40 
91| 21341 ‘Tost! 9567!  g757{| 75691 9969! 8925 | 39 
22] 4147 | s986 T70 1428 Tel 1574! B45 | 4705 | 7620 | 38 
93 | 6049 \759 0830 | 8278; 8899 792 1121 9314 | 387 
94| 7981 3 | 5182| 8305, 2896 | 8175 818 1008 | 36 
2 9912 4606|/ 6983| 7019{| 48711 9909| 2701 | 35 
96 748 1812 | 6498!  8340| 9998 | 6445 |gos 1612 | 4893 | 34 
a7 | 8772 | 8889 |771 0602 \78e 0646 | 8218, 8875] 8084 | 88 
93|  sTu1 760 028) | 2544, 2450 999 | B07 | 7775 | 38 
29| 76291 2170!  4395{ 4970 |793 1762} 4889 9466 | 31 
301 95571 4060| 62461 6ng2| 9533] 8589 814 1155 | 80 
81 749 1484.1 5049| 8°96]  7802{| 5804 [804.0299 2844 | 29 
32| 3411 | 7887 97021 7074| 2028] 4592 | 28 
83 9724 |772 1794 \798 1511 | 8843 | 8756] 6220 | 27 
34| 7262 1761 1611 3390 1794 0611; 5484] 7906 | 26 
351 9187 ot | 5489| 5197] 2379 | 7211 | 9593 | 25 
86 750 1111] 5388} 7336!  6935| 4146; 8938 815 1278 | 24 
a7| 3 7268 | 9132 | s74t | 5918 (805 0664 | 2963 | 23 
gg| 4957 | 9152 778 1027 784 0547 | 7678 | 9890 | 4647 | 22 
39 | 6879 I762 1086 | 287 295 9 4113 |, 6880 | 21 
8890 9| a7ie| 4157 1795 1208 | 56371 ° 8013 | 20 
41 751 0721 |  4808| 6559| Soci} 99721 7h60| 9695 | 19 
42 | 264 e683. | 9402] 7764} 4785 8t6 1376 | 18 
43| 4361 | 8564 (774 9566 | 6497 (806 1005 17 
441 6480 'res 0445 | 9086 785 1863]  se59| 2726 3116 
45 |  §398/ 9895 |  3926| 8169 \798 0020| 44461 6416 | 15 
46 752 0316| 4204| 5767| 4970| 1780| 6166|  srot| 14 
47| 92933 | 6082! 7606| é770}| 3540| 7385} 9772 | 18 
as| 41491  7960| 9445| 85691 82091 9603 S17 1449 | 12 
49 | 6065 | 9888 \775 1283 ,786 0867 | 7058 [gov 1821 | 3125 | 11 
50 | 7989 764 1714 | 812 8815 401 | 10 
Bi | 9s94| 8500} 4957| sees iver oo7a | 4754 76| 9 
52 (758 1808 |  8465| 67941 5759] 9929] e470] 8151] 8 
63| 37911 7340| g629| 7555| 4084] sigs} 9524] 7 
ba {| 56841 9214 776 0464| 9850} 5839] 9899 818 1497 | 6 
85 | 7546 765 1087 | 2298 787 1145 | 7504 [808 1612| 3169] 5 
56 | 9457 | 90601 41821 2999| 9847| 3825| 4841] 4 
87 754 1868 | 4982 | 59651 4732 |798 1100 71 66512] 8 
58 27g} e67oa| 77971 6524 6749 | 81821 2 
5o| 5is7| 8574] 9629! g316| 4604| 8460] 9852 | 1 
60 | 7086 res 0444 TTT 1460 788 0108 | 6855 's00 0170 B19 1530 | 0 
4° | 40° | 39° | gg 37° | 36° | 85° : 
NaTUBAL Cosixes. 


Nagural TANGENTS. ai 


-= 


| 48° | 40° sor | oi | 52° | 5a? aK B4° 


ED ee nee | PETES CEES | CANES ae mans | eee enna | reenter one 


0 111 06195 1-25 06884 1917606 1-96 43073 127 BoatGlt 98 Tous 1°81 69819 60 
1/. 1 10445| 24579, 66319 1-2807094) 78488, 72242 59 
] 17210, 81626 14776] 86524 80672 58 
8 979 88679, 92465] 94571; + 89108 57 
4 80754' 45736, B0160|1-8B02624 | 97551 56 
5 87582 52799 19684 188 06001 55 
6 44316] 59866 ; 18750, 14458 54 
7 51104, 66038. 1-24 00515; 26822 22922 58 
8 57896] 74015 79 34900, 81892 5 
9 64698, 81097 39869 51 
10 71495, 88184 51075, 48858 50 
11 78301| 95976 59172} 56844 49 
12 85112 1-20 02878 67276, 65342 48 
18 91927, 0947 75386, 73847 47 
14 98747) 16581 83502 88358 46 
15 1°12. 0405811605571] 23693 91624 90876 45 
16 12400} 80810 99758' 99401 44 
17 19234! 87992 90718] 1-84 0788S 1:3907984 43 
18 96078, 45058 169729 16478 42 
19 $2916, 521 24177; 25019 41 
20 39768 59827 $2381, 83571 40 
21 46615  66468'1-25 04388 40492' 42181 39 


22 53472! 78615 48658. 80698 38 
23 60834! 80767 56832 89272 8T 
ys 67200! 8792 65011; 67852 36 
25 4071! 950 73198, 76440' 35 
26 80947 1-21 0225 81390, 85084 34 
27. 87827, (9494 | 99686 88 
28 9471 16601 97794 1:40 09245 32 
39 96821|1°17 01601] 28788 94407|1-85 06008) 1 31 
30 08496 30970 14224, 19488 30 
81 15305, 38162 22449| 98113 29 
32 92298 3068)! 36749 28 
33. 29207] 52562 88918; 45898 27 
$4 86120;  59769/1-26 01792 47162] 84044 26 
85 4308 66932 B5413. 62702 25 
86 49060 74199 63670| 71867 24 
37 56888, 81422 719341 80089 23 
38 68820! 88650 89204,  §8718 22 
39 70756 95883 97408 21 
40 T7698 1-22 08121 96764 1:41 06098 20 
41 84844 0364 13605054, 1 19 
42 91595) 17618 18850) 18 
43 9 24866 21653} 32291 17 
44 76126)1-18 05512 8212 29963] 40948 16 
45 12477; 89880 882791 49678 15 
46 19447, 46658 46602! 88409 14 
47 26422, 3932/1927 00180 54981| 67158 18 
48 61211 63267| 75904 12 
49 40387| 68498 71610] 84662 11 
50 47876 75786 799591 98427 10 
51 54870' 88081 89578! «98414 3815 1-42 02200 9 
52 61369  9)881| 38234 1-8206893. . 93678 1.979 8 
58 73  97687| 45895, 148791870547! 19766. 7 
54 75382 1-2304997| 53478] 22870: 13423} 28561 6 
55 82395 1231 61116 39368 21806| $7362 & 
56 80414’ 19634, 68765, 88371; 3019 46171 4 
87 96487} 26961) 76419} 468381; 38591; 54988 38 
58 901761-19 03465, 84202, 84979) 54307 46991; 68811 3 
59 10498, 41620 91745) 62420, «85408, 72642 1 
60 17586, 4897 90116) 7 68819] 81480 0 
’ ~) | 39° 88° 87° | 3H 3° 85° | , 


eo mm es mere 2 ere oe 


encanta ne tae ee een at 
a 


Narveat Cosrrns, 


472 Narorar Sines, 
| "| 55° | 56° | o7° | se | 59° | 60° | 61° 
0 1819 1520 829 0376 ‘688 6706 848 0481 857 1678 [866 0254 \874 6197 
1 3189, 2002; 8200{ 2022) 8171 1708 7607 
) | 4856 | 3628 9873 | 8562 4668 8161 9016 
$8; 6598: 5252 8891455 5102 6164 4614 875 0425 ! 
4; 8189! 6877: 8037 6641 7660 6066 1889 | 
5' 9854 8500; 4616 | 8179 9155 7517! 8289 
| § 820 1519 880 123 | 6199 | 9717 858 O69 E967 | 4645 | 
7! 8183 1745 | 7778 849 1254! = 2148 867 0417 | «G05 
8, 4946 8366! 9357| 2790 | 8685 | 1866} 7455 
9! 6509 4987 840 6936 | 4825 5127 8314 i) 
| 10; 8170 6607 | 9518 5860 | 6619 4762 \STE (268 
; wy 39 g226' 4099 | 7894 | B19 6219 | 1665 
12 8211492 9845: 5666! 8927 9599 7055! = 867 
18 8152 881 1468 7241 850 0459 859 1088 9100 | 4468 
14, 4811 8:80 | 8816; 1991 2576 \868 (544 E868 
15° 6469 4696 841 (291 | goon | 404 | ee | T2¢9 
16 8127 6312! 1963! 5°58! S551 8666 
17; 9784 7927; 3586; 6882) 7087 1074 'BTT OC64 | 
18 822 1440 = 9541, «5108. | «= 8111 | = 8528} «= 815 | 1462 |; 
19; 8098 882 1155 6679 | 9689 860 0007 7758 | 2888 
20{ 4751 2768: 8249 851 1167 , 1491 91 4954 
21) 6405-4889 | 9819 2698 2975 \S69 6686; 5649 
22! 8059 «BOOT ‘842 1888 | 4oi9 | 4457| 9074 | 7048 
23: 9712 7692; 2056 5745 | 5979 $512 | 8487 
24 928 1364 9212; 4524| 7269! 7420| 494 9880 
25 | 8015 888 0822 691 | 8793. | 801 6886 |878 1292 
26; 4666 2480) 76357 852 0816 '861 C380 7821 2618 
27| 6316, 4088 | 9992 | 1639} = 1859 | 9256 | 404 
281 7963 848 0787 3360 8887 '870 0691 5894 
291 - 9614 7952 2851 4881 4815 | 2194 788 
80 824 1262 . 8858 8914 6402 6292 | 8557 8171 
81 | 2909 834.0463 | 5477; 7921 7768 | 4989 9559 
82 4556 ; 2068 70389 | — 9440 | | 6420 (879 (946 
83 | 6202. 8672 | 8600 858 C958 862 0717 7851 2322 
841 7847 5275 (844 0161 2475 | 2191 | 9281 8717 
85) 9491 6877 1720 | 8992 8664 871 0710 B19 
86 825 1185 | 8479 8279 | 5508 B1387 | 2188 (48 
87 | = 2778/88 (89 | 483 7028 6608 | 8566 7869 
88{ 4420} 1680, 6805 8538 8079 4998 9u51 
g 6062! 8279, 7952 ‘854 0051 954 6419 {880 0688 
49| 7703| 49878 9593: 1564 8681019] 7844] 2014 
41 9343 6476 ‘845 1064; 8077 | 248 269 8894 
42 [826 0983} 8074; 2618; 4588 2956 872 C698 4174 
43 2622 9670 | 4172 6:99 5423 | 1 6152 
44| 496) 986 1266! 5726; 76.9}; 6889 | 3528 7580 
45 5897 2862; 7278; 9119, 8855 4960 8907 
48} 7534] 4458 | 893) {855 0697 820 6881 |S81 0234 | 
47| 9170 | 6950 846 0881; 2135 864 1284 7301 1660 | 
48 [S27 086 | 7643. | = :1932 | 3, 2748 3085 
49 | 2440| 9236/ 8481; 5149; 4211 878 0640 44(:9 
5)| 4°74 B87 (897 | 5039 | 6655! 3673 j; 2058; 5782 
SL] 573] AIS} BID | = B16D | 7134) 8475 | TIED 
52 7840| 49°9| 8196! 96641 8505; 4891 8597 
53 | 8972 | 8593 | 9673 S56 1168 865 0055 6807 | 9898 
54 880553; 7187 847 1219) 2671; 1514! 7722 j882 129 
55 | 2234 | 8775 | 2765 | «41782078 | 9187 26:18 
56 | 8864 888 0863; 4899! 5674; 4480 S74 0550 44 07 
dT | 5193; 1950; 5853 7173 | 8837} 1968 5876 
58 | 7121 8586 | 7397 &8675| 7344 | 8875 6748 
b9| 8749 | 5121 | 8939 857 0174 | = 8799 | +4786 §110 
60 (820 0876 | 6706 848 0481 | 1678 [866 0254| 6197 9476 
34° | 33° | 32° | 81° | Bor | 29° | 98° 


| 60 


i 55 


| 58 
| 52 


~“SmwDhOIANIDS 


NarunaL TAangents. 


NatTuRaL CoTANGENTs. 
a 


4u* 


‘| 55° | see | ove | ss° | 59° | 60° | oie | * 
© '1:42.81480/1 -48 35610 1°58 98050 1-60 09845 1:66 42795 1-78 20508 1°60 40478, 69 
1 |  gosee 3491615408460  187(9 58766, 82149, 52860; 59 
3| 99178, 44231| 18280 24088 «64748, © 48803 OS25E 58 
3 14808039] 58554) 28108 84465  T5T41| 55468, 77664 BT 
4| 16906  628c4 87946 44858 86744. 67144’ (9 8G EG 
5 | 95781 72298] 47792 552601 97758, 18888 18109521 55 
6| 84664 Si5T0| 87647 —6B6T2 16708782 9NSBH «14969 FL 
| 7| 48554) 9925] 67510 76.04, 19818 1-7402215' 27480 53 
g| do45il1-490r2ss 773888 86525! + 80sed| ~=— 18909 © 899-4 52 
9| 61856  co6s9 87264 960661 41921, 25715, «52301 SL 
10 | 70268, © 19099' _ 9715516107417] 52088) 87458, 64893 59 
11 | 79187, 28426 1-35 07054 | gan67]  49918' «774.5 49 
| 12] ssital 87822 1696828549, 75156) GLosA | BNS2 4s 
ig 97:49| 47225, 26880, 88529 86256] 7276818202478 47 
14 |1-4405091| 56037) 36s8c6 49820-97867 Bia 1028 46 
15| 14940] 66058' 46741 9820 1-68.(8189 27598 45 
16 | 28507] 75486) 56685 Tago) 19024)1 aeesiol 40173; 44 
i7| 8283} 84923 66689»=— «8850; BT 20.93, BOT6T, 43 
is| aisss] 943671 T6001 91380 41910 81866, 65874. 49 
19 | 5081413008821]  865721-6201920| 5385) 48722 «= T1994" 41 
20}  s9soi| 18292) 96552 12409 64261] 555901 «9.628 40 
a1 | 68796] 2275115600542 «28.29; -75449| «67470 1-SB.CN275 89 
22) 77798} 82220) = 16540| 88599, 8667 10362, 15036, 98 
23}  s6scs| 41716) 26548 44178 9785 91267| 9RG1N' 87 
95625, 51210/ 8 54768 1°69 9077|1-76 08188, 41297 36 

25 |1-4504850|  66718/ 46590 6586s; = 2uscs| 15 53999 35 
26|  186s3) 702241 «= 86025| += 75977] 81550| 27053, «66713. 3: 
27| 999981  79748| 6ceco! © 86597| 42sr4} 89007] 79442 33 
98 | 31971] so271| 76722, +—-97227/ «=: Saceg| «= B972, «92184 8: 
29| 41027] 93807/ 86784 1-68 07867 62950,1-6404940 31 
80 |  80(90/1-51.68852|  96S56| 18517} T6681] 74940 «17719 30 
81| 59161] 1791515760986] 29177; 87929| sr94al 8492 29 
32 | @s24o| 27466, +17. 26) + 89847; 99238} —-98958| 43249, 28 
83| 77326, 87086, 27126, 528.1-701(5591-77 1.985] 56 99 27 
34{ 96420] 46614) sr2c4| 612181 21890; 281.24) «68998! 26 
95592 562011  4735e| 71919, + ssess} 85076; «81761 25 

86 |1-4604639| 65796) 57479| 82630 44587/ «47141! ~—«9s613! 24 
8 13749} 75400) GiG15| 93351] 53953] 9218 18507479, 23 
ag | 29874} 85012 TTTGO|L-e4car82] 67329) TS 7| 2358 22 
39 | 82007] _ 94682| 87915, 148248717] S849 9 21 
40|  41147\152.04201| 9gvr9| a557e| 9.116] 9524} 4a59) 2) 
41| 56296) 19899 15808258]  $6338,1-71 cine 118 0765 5980, 19 
42| 59452] 23nd] 18486, 4711112949) 19790] 72075! 18 
43 | 68616,  392)0 28629) 57898} 24392] 81948} 84985: 17 
44|  77788| 42868; 83880|  686s7| 35827, 44167] 97928) 16 
45|  seo67| 52535] 49411 79.4901 47293) 6255. 1-86 17905! 15 
46| 96155; 62213, 59261} gaged! —BSTS1) 68475} «23896, 14 
47 |1-4705850] 719-4] 6949116501128] 70230, 8678] «869.2 13 
4g | 14558] 816.9) 79731| —11968| 81730] 92898} 49921 12 
49 | 28764 9138] sonia] 22ere __982291-79(5121| 08005) IL 
60 | S29SH15S .1.251596.938) 836081720436 1138 7603} 10 
bi | 42210 10748 cus] 44500|  tozct| —206t6| 890651 9 
52 | 51445] 2.479! 20783] —55405| -2T797|—«-41888.1-87(2141| 3 
53 60688 8 219 81070 66292 89546 54162 15231] 7 
54| 69938 39989/ 41366} 77199, 5.915] «66454, 28336) 6 
55 | 79197) 49727; 51672} sBc97| 2477] «—TETAG! © «41435, 5 
56| 8846s} 50/91]  61987| 99016) T4rCO] «OIL TT} «BSB 4 
5 97738] 692TH) | T9BIZ1-G6. 9945] — SHGL41-socascs| —GTT36l 8 
58 |t-48.07021] 79054] 82647, 2°884| —9726c] 15751) goses| 2 
50 | esii| gasses} 92901 Bisa4'1-73.(asv8 Qs1cs|  94.74| 1 
60 | 95611]  9865.:'1-6008845| 42795, 2 58| 4047818807265] 0 
ry} gye | gxe | ay? | are | sx | ave | as? |! 


ais. N ATURAL SInes. 


‘| 62° | o3° | 64° | 635° | 66° | ssc fs | 
i 
0 882 9476 's91 ores 898 7910 966 878 918 54:5 920 5c49 927 18:9 60 
1 883 0841 1885 | 9215 4307 | 6687 6185 | 2998 | 59 
2| 226 75 899 0489] 8535| 7819] 7320) 4(16| 58 
8 8569 4024 1768 6762 9-1 8155 bica | BT 
4 4933 5842 82 7939 914 0181 9539 6191 | 56 
5 6295 6659 4307 9215 1861 921 0722 T2TT | 55 
8 7656 1975 5578 997 0440 2540 1834 8863 | 54 
rf 971 9291 68 1665 8718 2936 9447 Fi 
8 884 0377 892 0606 8117 2838 4895 | 4116 928 0531 | 5 
9 173 1920 9336 4111 6072 5246 1614 | 51 
10 8095 8234 900 0654 5383 1247 6875 2696 ' 50 
11 4453 4546 1921 6554 8429 1BC4 3773 | 49 
12 5810 5858 3188 1115 9597 8682 4853 48 
13 7166 7169 4458 8995 915 C770 9758 5938 | 47 
14 8522 8480 5718 908 6214 1948 922 C&S4 17 | 46 
15| 987 9789 6922 1439 8115 2010 8096 | 45 
16 885 1230 1898 1.98 8246 2649 4286 8184 | 9173 | 44 
17 5 246 | 95.8] ss6e| 456| 4258 929 (250 | 48 
18 3936 8714 901 0770 5582 6626 5881, 1826, 42 
19 5288 691 31 6297 T7195 6503 241, 41 
20 665 6326 $292 | 7511 8 7624 3475 + 40 
a1 7989 7632 4551 8725 916 0130 87 4549 89 
22 933 895 5810 9038; 12 5 5622 | £8 
923 886 0688 |894 0240 768 929 1150 2462 923 (934 6694 | 87 
24 236 1542 8825 9861 862 91°93 7165 | 26 
25 8883 2844 9582 8572 4791 822) 8855 85 
26 4730 4146 962 (828 4781 5955 4836 99.5 | 84 
QT 6075 5446 2( 92 5990 7118 5452 980 (974 , 83 
28 7420 6746 847 7199 8279 6567 9.42 | 82 
2 7 8045 46:0 8406 9440 7682 81:9 | 81 
80 |887 01(8 9344 585 618 917 (G1 8195 4176 | 80 
31 1451 |895 0641 7105 910 (819 760 99°8 5241 | 29 
82 2793 19388 2°24 2919 924 1(-20 6816 | 23; 
33 4184 8284 96(6 $298 4077 9131 7870 | 27 
84 5475 4529 908 (856 4439 5234 8249 26 
85 6815 5824 Q15 6591 4851 6125 | 
36 6154 7118 $5538 6837 7546 5460 981 (SES | 24 j 
87 9492 S411 4600 8C83 S761 CBES 1619 | 23 | 
88 888 C830 97¢3 5847 | 9288 9355 7676 2679 | 22! 
8 2166 |896 (994 798 911 0438 918 1019 STEg 8i29 |; 21 
4) 85038 2°85 £2 1687 2161 9888 4797 | 29 
41| 4838| 8575] 9582! 9835] 8318 925 (998 5/19 | 
42 6172 4864 904 0S25 4033 4464 297 6912 | 18 | 
43 75:6 6158 2.68 5229 5614 3201 79C9 | 17 
4 8829 7440 8819 6425 6768 4803 194116 | 
45 (889 0171 8727 4551 7620 7912 5405 982 0079 | 15 
46 15'8 |897 O14 bi9 9060 6506 14 
47 2834 1299 782 912 608 919 C27 7666 | 9186 | 13 
48 4164 2554 8271 1201 1858 8706 $988 | 12 
49 5498 835.8 95:9 2893 2499 98.5 429) | 11 
50 6822 5151 905 0746 8584 3644 926 (9.2 5340 | 10 
51 8149 6433 38 4775 4788 200 639) | 9 
52 9476 T7115 8219 5965 5931 8696 7489 | 8 
53 890 0803 £996 4454 | 7154 1078 4192 ees | 7 | 
54 2123 |898 (278 5688 8342 8215 5286 9535} 6 
55| 38453] 1555| 6922! 9599]  9356| sso 983 (bez! 5 | 
56 ATT 2834 8154 918 0716 920 0496 7474 1623} 4 
57 6190 4112 9386 1902 1685 8566 2678 | 8 
58 7493 5889 906 0618 |  8C87 2774 9658 118! 9 
59 8744 CC65 1848 4271 ite 8912 927 Hes 471; 1 
60 |e91 0065 | 7940 | —8c78 504g | gs9 | opeca! oO. | 
Ls age 6? oo oil | : = | pee le 
Natura. Cosrnes. 
eae | 


at tn ne 


*SSSAZRRSSATSERSELECESES 


ed 


seuaceees| 
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BLSRREBE 


ty oe [aa | oe | os 


Natorat Tancenrs. 


EGR EASE FO OIC EET SERN RAT ATR GTEC A 


1:88 072665 1-96 26105'2-05 08088 214 45069 2-24 60368'2°35 58524 2°47 56869 60 
20470, 49827] 18185, 61366 77962 = 77590-=Ss 71612 39 
$3690| 54364, $3349 77698'  95580' 96653 92386 58 
46924, 68518 48581! 94091 295 18241 2-36 15901 2-48 13190! 57 
60172} $2683! 6373221510878, 80835, 34916 = 84193, 56 
73436 eased 78950| 26757| 48573) 5411854987! 55 
8371319711077] 94187| 43156 73816  75iS1! Ad 

1-89 00006 2589620669442! 89575 = 84016) «= «92540. +: 96766 BB 
13818, 99531] 24714) +: 76015 2-26 01773 2-87 11791 2°49 17669, 52 

; 53782) 400°8 9247 6 19554! 31068 $8643. 51 
$9971 6850 33318 2°16 49958! 37337, Bust? 59661! 50 
53392} 82834 704g = 25460| 55184] 69708 BOTT: 49 
66683' 90635 85994' 41983! 73035' 89.160 25001784 48 
8068 1:98 10952 2-07 01859, «58527! 900. 9' 23808444 =. 22891! 47 
93464 35286" 16748 7509122708807] = 27855 44929' 46 

19006874 39536 $3146 91677, 26729) 47293 «© 61938 45 
20099, 54008, 7567 21T S233, 44674, 6675386398. 44 
$3733' 68887/ 63007, 24011| —«G62648) «84950251 07629 48 
47193 $2787; 73165 40 41559 8636 '239 05769 2539 | 42 
60663' = 97204' ~=—s«g3940' «439s «58229 «= s«98053! «= -B5B16 = s«sB0183 41 
74147 1:99 11637 2-08 09438 7492) 2:28 16093, 44839 71500, 40 
87647, 26187, 24958 = 91u31— 84758! 96449) 92863, 39 

APLULI62) 403544497 25190G364 = 52846) «81118 2°32 14249' 38 
14691| 35938 59039 25119 719592:4008774 35667 37 
23236 69539, 71610 41894' 89.96 28457, BT117; 36 
41 oe 81356) 879)9| ~—-BS691 229 07257; 48168 78593! 35 

9839.) 2-09 u28 9 75510; 25442] 6296 2-58 00111! 84 
pretty '2-0013142 1843 92349 48651' 82672 21655; 83 
32565) 27710 Bass 2 1909210| 6188524102465, 48231 82 
96136, 42295} 49751) 26093;  $2143| 22286 64889 81 

1920982:| 56597} 65436) 42997, 98125] 42136  86479' 8) 
98472] 71516 31149] 9923 23016732! 62018 2-54 08151| 29 
$7138; 86153! —gggeal 76871; += 85064! 81918, 29855 28 
50819 2-01 00806 2-16 12607/ 93840] 58420'2-4201851; 51591 2% 
64516, 15477) 99869 2-2910881| 718011 21812 73359 2 
78228 = 80164, 44150, «27843, 90206} «= 4181 95160! 35 
91956, 44869, 59951] 44878 2:31 08687! 61819 25510992" 24 

1-93 05609, 59592! = -75771| 61934 = 27.92! «81864 © $3858, 23 
peed 74331! 91611] 7912, 45271 248U1988 —-GN756 2 
$8231) 898921107470] — 9UI12, G4uTG, «22.41 82686, 21 
ATv2) 2620836293343. 2-21 19234!  g2asce! 49172. 9-58. 04649. 2? 
60825, 18854| 39246 «81879 2-2201160] 62331 26645. 19 
74645, 88402, 55164{ 47543, 19740] 82519 48674 18 
88431} 49289, 71101 64733 $8345 2-44.62736 701783, 17 

1-94.02338| 63133.  g7057| 819141  5a975| 22989 92839 16 
16200]  779942-12.03034| 99177] 75680 «43256 2°57 14957 15 
80083, 92873, 1918922216182 94811; 63559 = 87118 14 
49931 2-08 07769! 85246, 387.9 2-9319017/ $8591 59312 18 
57896 22688/  510sa' «1009, «= 8174824504252 81539 12 
71826' 87615,  67137|  é6S881; 50505)  246492-5808800' 11 
Sb772, 52565] 98218 8876! GIST| «45061 2694. 1 
99733 87582 993.38 2-28.03048 = 886953! «= «6B510.——« 48421) 

19513711, 82517 9-18 15423, 2048828406928. 85987, 70782, 
27704 «97519, 31559 «87845, 9578724606104 98177 
41713 2-0412540| 47714| 55230: «44672, —-27080 2°59 15666. 
55739, 27578] -€8890| 72738, 68582. 47596 «= 88068 
6978)} 42684 8wesi 91213; 82519 6819160564 
88887, B7708 953.11 9-8407721 28501481,  S8816 — BBfi95 
97910| 72800214 12537, 25347, 90469 '9-47 09470 2°60 05659 

19612000] 87910, 28793 42796, 30488 $0155, 28258 

: 45069, 60368, 58524) 50669 «50891 | 
o7° | 96° | o5° | 94° | 23° | 29° | 21 
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Natura. Cosines. 


| 


476 Natura. SINes. 

a We Sane as ca 

0 988 5804 '989 6926 945 5186 951 0565 8048 961.2617 965 9258 | 

1 6846 7921 6132 1464 $808 | 8413. 906 0.1} | 

2 TSS g914/ ws! 3961 4147 4319 |. 0762 | 
$| 8928| 9807 8023 3258 5505 | 8019 1513 | 57 
4 9968 940 0898 | 8968 4154 6443 5818 9263 | 56 
5 934 1007 1891 9911 5050 7290 6616 | 8012 | 55 
6 9881 946 0854 bO14 8136 7413 | 8761 | 54 
7| 3082 3871 1795 6588 8981 s210} 4508! 5g 
g| 4119 4860 2736 7781 9925! 9005 B255 | 52 
9| 5154 3848} - 3677 8623 \967 0668 960 6001 | 52 
10 6189 6835 4616 9514 1512 962 0594 6746 | 50 
i 1228 7822 S555 962 0404 2354;  198T 7490 | 49 
12 8257 8808 6493 1294 8185: 218) g234' 48 
13 9289 9793 1430 2183 4085 9972 8077 | 47 
14 985 0321 941 0777 8366 3071 75} siz: 9718! 46 
15 1352 1760 9301 8958 5714 4552 96T 0459 ! 45 
16 2352 2743 Q4T 0236 4844 6552 5342 1200 | 44 
17 3412 ST2d 1170 5730 1389 6130 1939 | 43 
18 4449 4705 91638 6615 82255 6917 2673 | 42 
19 BGS | 5688 3085 7499 96)) Tea} 8415 41 
20 6495 6603 | ©8066 | —- 8882 9895 849) 4152 | 40 
ot 121 7644 459T | 9264 1956 Giz9' 9273) 4888 | eo 
93 8547 8621 5827 1958 0146 1562 968 0060 5624 | 88 
23 9571 9398 6756 1027 2394 0843 8T 
24 986 0595 ‘942 0575 7684 1907 $226 1626 792 | 36 
25 1618 | 1550 8612 2786 4056 2408 7825 | 35 
26 2641 2525! 9588 $664 | - 4886 3189 8557 | 34 
OT 3663 8498 ‘948 0464 4542 5715 soco! 9288 | $3 
2 4688 4471 1889 5418 6548 4748 968 018 | 82 
29 5708 5444 2313 6294 7871 5597 0748 | Bt 
80 6722 6415 3237 7170 8197 1476 | 80 
31 1740 7386 4159 8044 9023 T8t 2204 | 29 
32 8758 5081 8917 9848;  T8BS 2981 | 93 
3 9774 9394 6502 9790 [950 0672 sess | 8653 | OT 
84 93T 0790 [e483 0298 6922 |954 0662 1496 940 4383 | 26 
35 1806 | 1260 7842 1583 2318 964 O18T 51(8 | 25 
836 2320 9297 8760 2403 8240 0954) scsz| 24 
87 | 3838 3192 9678 8273 $a6t 1728 6555 | 23 
33 | 4846 4157 94% 0505 4141 4781 249T 797T | 22 
39| 5858| 5123 1511 5009 | ~=—- 5 600 8268 7998 | 91 
4) 6869 6085 2498 5876 6418 408T 8719 | 20 
41 7339 7048 8341 6748 | 7286| 4866 9498 | 19 
42 8839 8010 4255 7608 | 8053| 8574 969 0157 | 18 
43| 9808 | 9071 5168 8473 8369 | 6841 e875 | 17 
44 988 (196 9931 6089 9336 9684 T1168 1593 | 16 
45 | 1913 944 0890 6991 985 0199 960 1499| 7873 239! 15 
46 9921 1819 79:3 1062 1812 8688 ge2h | 24 
47 { 9025) 280T| 8812} 19298 | 2125| 402] s74u | 13 
43 4930 8764 ' 9721 2784 2987 965 0165 | 4453 | 12 
49| 5984 4720 930 0629 8643 8748 0927 BrcT | 12 
50 6938 5675 1586 4502 1689 879 | 19 
51 7940 6630 2443 5861 B49 6591: 9 
52 9912 T5S4 $848 6218 6177 $2°9 7a01 | 8 
53! 9943 8537 4253 TU74 6984 8963 gs! 
54 999 0943 9189 5157 79390 1792 4726 8720! 6 
BS 1942 945 0441 6061 8785 8593 5484 98: & 
56 2940 1891 6963 9639' 948 6240 970 0186 | 4 
ST 9938 2841 7865 '956 0492 961 02(8 6996 asi2 | & 
58 4985 $290 8766 13451 1019 TT 1643! @ 
59 5931 4238 | 9866 2197 1815 6505. 2353 | 2 
6 6926 | 5186 951.0565 | 3048 2617 9258 9957 | 0 
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0 2-60 G050891: 274 T4174 299 49109 3-07 76835 8-27 (8596 3-48 141448-78 20508 60 
1 73558, 98661 695763-08.07325—-A2ASB 34912470 = GBBSK_ FY 
2 962592724588 (SO 37869 76715 «—«- OMBTA 9-74 0TS4AG 58 
% 261 18995, 49554 2-91 24649 $8108 328 1(907 89356 51207 57 
4 41766, 74361 52258 99122 4516435027016 94968 56 
s 64571; 99608" 799.9 3°09 Sear 79487 66555/3°75 28915 5d 
6 $741 1:2°76 24695 2°92 07610 (5.96 829 18876 9°51 0527s; 82768 54 
7 |2-62 if 236; 49822 35358 sai 48880 44070 3°76 36807 53 
$ 85196 7499), 63159 81022291 €2851 82046 9 T9472 
9 BGE141.2°77 C199 9995 «=: H92233BO1T4RBSH2VIONASTT AKIN Ft 
10 T9121 95448 29318885 84210! 52.91 6(. 988 8919 50 
41 ,2°6802136| DBOT88 4682231115254 86811358 00054378 (3951 49 
12 2186) 76069 == T4807, 4635838121598 = 89251, 48481 48 
13 43271.2°78 01440 2947984077519. HG452_—ss TEHLAS: «= -OSH9 47 
14 71392, 26858, «80921 $-12(6722 ~—_—«91378 $54 17886979 87835 46 
45 94549 ROseT| B90 30N91 FORAGE —BTSRD:_ SAH 4 
16 26417741 77302 87227 = T1817, 61419 = 9684638027585 44 
17 A969 2°T9 03389 295 15453 $1302701. 96543 9°35 $6449 72619 48 
18 sony 28947, 48727, 3414183831786 —- 7618838117733 42 
19 ! 54587' 7250, 4-65 689 66997 8:36 15910; . 62057 44 
2) 265 7031) 8,193 2-96 0042% «9719.4. 3:34.(2826 85749 3-82(8281 40 
21 $4238 2°30 (05901; 2884281428307, 87724 O5ES1)  BBTT FD 
22 57645 $1646 937812 =: 6478 78191 357 85°96: 99282 38 
23 $1089; 57433 85831 92217 3°25 (08728 1751943°88 44861 37 | 
24 26604569 -83263.2-97 149998 1329904, 4438333816075 —9Nt91 36 
25 98°85 2°81 (91384, 48516 58940  sfals F4241 33436424 3h 
26 B1638, 85048 71683 8774483615753  9f590| $2858 34 
27 ee 61004 2°98 0400316 19706 ©: 1568 3°39 8702434528296 38 
28 885s 870081 29167 dB1728 87458 TT348, T4587 39 
99 2°67 eons '2-82 13°43, 57988 «B36 83:37 2841 B 3-60 18146 38620792 31 
30 éa951 39129' 8685081715048 90484 58835 67131 30 
31 at 6525629915766 48147, O5531'  996(9 38718564 29 
82 93725, 91426, 44734 SPANG 3-38 81699 8-614:469' = 60142 «-S 
83 2°68 17595, '2-88 17639 78751 8-18 12724 67938 «- SI4AH SRE CONS 27 
BA 41883 438963-00 (2820 4512 3:89 04249 36222447, = BBSi4 26 
35 65267. 70196} 81939 71540, 40032 63566 889 W448 25 
36! — 8919) 98529, 611(9 3°19 10039 F785 8-68 C47 11 47429 24 
BZ 269 18149 2°84 22926 9°33) 4959934918612 46664 94516 23 
88 87147, 49336 3°01 19603 75217; = (210 BT 444 BOOAITIO 22 
29 61181; 75831] 48826 8-2007097; 86882 86426911, soit 21 
At) 83254 2-85 02849 78391 40638 3°41 28626 7046739186420 20 
- 2-70 (9364, 28911 8-02 07728 78440, 604438°6512111/ 88987 19 
$3513; 55517, 37207 824 C6804 «=—-s«-97883 0s H 3844 3-92 31563 18 
43 7699! $2168 66737 $9228 84284297 95665) 79207 17 
81923 2°86 68863 96320 972215, 7188486687575 3:9827141 16 
Fh 971 C0186 3602 $-08 25954 8-22 05263 343 (8446 TITS 75: 94 5 
46, 8487 62386, 55641 28373 45681 8-67 2166539493157 14. | 
47 84826; 89215' 85881 71546 92°91 63845 71331 138 
48 79204 2-87 1683 8-04 15173 8-28 04780 8-44 2( 226 8°68 06115 8°95 19615 12 
49 2-72 (802), 43007, 45918 $3978, 587685 48475 68011 14 
30 28076; 69970, 74913 71488 95120 992789616518 10 
51 B2569 90979 8-05 04866 324 04860 3-45 $2679 39 83469 = 65137. 9 
$2! 7710228824033; 84870 38346 70315 76104 397 18868 8 
53-278 (1674) 51132, €4928 71895 3°46 0832637018830: 627127 
54 26284 78277! 95038 325 06508 45813 61648 89811669 6 
55 50934 2-89 05467 80625203 - 99184'  §36763°7104558, — 60789 5 
56 75628] 32704 55424 729943°47 21616 4756189900924 4 
ST 27400852, 5998 3 85694 326 06728 59682 90658 59223 3 
58 25120| _ 87814.3-07 1602), 49596 97726 3°72 33847 4°00 066386 2 
$9 49927 290 14688 46400 14529 8°48 85896 77131, 581651 
60 ‘T4774 42109 76835 S2T 03526 74144 9°73 20508 4°01 pia 9 
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0 970 2857 974 3701 978 1476 981 6272 '9848 078 9876 888 9912 681 | 60 
1| 3661 | 682 582 9877 838 9903 085 | 59 
2! 4368) 5008 2834 7330 |9849 (86; 792 | 489 | 58 
3' 38065: 5660 8237 | 589 9878 891 | 57 
4' 6766; 6811; 3689} 8485 9850091 — 697-9904 293 | 56 
5 | 6466 6962 449) 9037 | 593 9879 148 | 694 | 55 
6: 7165| 7612} 5.909! 9587 ‘oa5t C3 59Q 9905 095 | 34 
T| 7868} 8261 | 5659 982 0137 | — 598 9680 048 494 | 53 
8; 8561] 899 6288 | 0656 [9852 (92 497 898 | 59 
o| 9353] 9556} 6986| 1934 59) 915 9906 29) | 51 
1) = 9858 (975 02038 7483 1781 ‘8853 087 988 892 | 687 | 50 
11 971 0649| 0849} 8:79} 2397 583' S88. 9907 083 | 49 
12/ 1848| 1494 | 8874] 2873 [9854 O79 9R2 284 478 | 48 
13' 9986/ 2138{ 9263] 8417! 574) 728 | 873 | 47 
14; 2720] 2781; 9362! 8961 :9855 06S 9883 172 9908 266 | 46 
15 | 3421] 93493 java 0405 | 4504 | 561! 615 | * 69 | 45 
16, 4112] 4965 1047 | 5046 '9856 003 ‘9884 057 -9908 051 | 44 
17: 432} 4706 | 1688} = 8587 | 408 | 442 | 43 
18' 5i9t} $345] 2228] 6128 (9857 ose | 832 | 49 
19! 6180] 6985; 2818] 66 594 sas $78 9910 221 | 47 
o)| @6867| 6623] 886] T2086 9858013| 817 610 | 4n 
o1' 54} 7260] 9994] 7744 501 9886 255 997 | 39 
92! 8240 789T 4581 8282 98s | 692 9911 884 | a3 
28 | go26 | © 8538 | B16 | $818 (9859.475 988T 198] 7) | 87 
o:| 9610] gtes} 5752] 9858 960 | 564 19912 155 | 36 
25 972 0994 2| 6387 | 9888 '9860 445 |. 998 54) } 9s 
96| 0976 976.0485 | 6921 e88 0422 432 923 | 34 
a7 | 1658; 1068 7504 C955 (9861 412 | 865 9918 8.6 } 3g 
og| 9339: 1699] 8c86{ 1487 297 | es } Pg 
29} 8020; 2830 | $683 | 2019 (9802 875 723 9914 (69 gt 
30} 3699. 9960} 9247; 2549 856 159 9 39 
81| 4878: 8589! 9827 | 8079 [9868 836, B88 683 929 
321 5056 -° 4218 leo 0405} 8608 815 :9S91 017 9915 208 98 
3] 8 4845! 6983 | 4136 [9864 293 445 Si | OT 
84 6409 8472 1580 4663 TT < 951 | 26 
33° TwS8t. 6:93]  2186| 5189 [996,246 \9se2 298 '9916 3°7 | os 
36 | T59. 6728 | e712} = BT15 722 723 T1284 
$7 | 8432 7347] 8236} 6239 19366 198 [9803 14S 9OIT 183 | 99 
3s! 905° 7970] sg60| 6763 670 572 459 | 99 
so: 9777 98393! 4438| 7286 [Ber 148 904 g82° 2 
4) 978 0449 © 8215 | = 5v0B | «= 7808 G15 [9894 416 991824, 2% 
41, 1119 9836 | 5576} 883) [ssegos7| 838] 34 | 19 
42} 1789 9T7 0456 | 6147} 830 57 19885 253 1 18 
48| 2458 1075 | 6716] 9370 (9668 027 677 9919 814 | 17 
44} 3125° 1693] 7285} 9330|° 496 096 | 2| 16 
45| 8793; 311 7858 '984 0407 64 514 9920 049 | 5 
46 4459 20 8420 0924 |9870 431 931 416 | ta 
47| 6124: BD 8936 | 1442 897 |9807 347 782 | 18 
43} o5789' 4159) 9552] 1956 [9871 368 762 9921 147 | 19 
49| 6453, 47783 '9810116| 271 897 '9808 177 611 | 7 
50] 116; 8887 | ceso|} 2985 [9872 291 590 74 | 20 
St] TS 8999/ 1948| 3408 54 '9S09 003 ‘9922 937 | 9 
52} 8139 661 1805 | 4010 9373 216 45g 8 
58} 9100, 7282} 9366] 4592 3 ges | 5} 
54! 9760: 7882} 9027} 6082 \98T4 133 287 9928 819 | 6 
55 9740419; 849} 8196) S42} bos; 643| 679} 5 
56| 1077 9050 | 4045 | 6050 9875 057 9901 055 9924 087 | 4 
57| 1734  9658/ 4603 | 6558 514 462 3941 $ 
5S | 280) 978 0263 §160| 1086 972 869 mt] @ 
59| 3046: O871| . 8716}  %572 [e876 a8 9902 275 '9925 wz t 
60} stor] 1476] 6272} 8x78 68t | 0 
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© 4:01 07809 4°88 14759'4-70 46801/5'14 45549'5-6 712818'6-8 187515|7"1 158607] 69 
1 | — 57570|  723164-71 18686'5-15 25557| 809446] 256601] 804190] 59 
2 4°02 07446 48430018} | 81256)5-16 05813] 906304 455308! 58 
B| 57440! 87866472 49012] _ 86811/5°T 008663 69756 5T 
4 4-08 07550 4°35 45861 4°78 16954)5-17 67051, 101256 759487, 56 
5 | . 57779 4°96 04003} . 850881518 48085) 199178 19}, 912456) 55 
@ 40408125, 62293 /4-74 53401/5-19 29264, 297416) Sd866517-2 066116, 54 

| 58590/487 20781/4-%5 219071520 10738] 895988 22422) 53 

8 '4:0509174| 79817] 91608] 92459] + 494559'6-4 102688} 875878) 52 
9 | 59877 4-88 88054'4-76 59490521 74428] 594129 536987| 51 
10 4-06 10700, 96040/4-77 28568/5-22 56847/  é9B68S 687255| 50 
11 | 61648489 55977| —_ 97887/5-2889116| 798588 844184) 49 
12 407 12707 440 15164 ¢ 78 6730052421836) 898823) 596070/7-8 01780) 48 
13 | 68802| 74504/4-79 B69575-25 45.9] 9944 160047| 47 
14 4-08 15199 441 83996 4:40 06808| __ 8$035,5°9 095815 318989| 46 
1 66027] | 93641) 76854'5°96 T1517 196572 478610) 45 


17! 69359 4-48 19802'4'82 17586598 89251; 400117 
18 4-10 21619;  78500| — 8817415-29 28515} 502410 
19 | 735691444 88762/4-88 59010|5°80 08018) 605051 
20 41125614 94181/4'84 80045} 92793; 708042 
21 77184'4-45 54756/4'85 01282'5-31 77839] ‘811896 
22 ‘4:12 8. 079 4°46 13489 72719 5-82 68131 ‘915884 
23 82499] 76879 4°86 6 44359'5-38 48696 59019133} 
24 4:13 33146'4-47 87428/4-87 16201594 '84.84527| 128550166 121919 946514) 36 
25 87719] 98636]  8$248,5-352.626] 228322) - 252958/7- 


26 '4-14 49519'4-48 6000414-88 60499 5°86 06993|- 393455 980571] 34 
27, _ 98445/4-49 21582 460 32956}. 93630| 488952 448099] 38 
9 4 15 40501 8822 1|4°90 05620:5-87 ‘87 8588] 34481 617367] 82 
29 99085'4-50 45072| 78491 5°88 67718} 651045 787179| $1 
8d '4-16 52993/4°51 07085/4-91 5157: 589 55172| T5T6L44 957541! 30 


81 (4°17 06440 69261/4-92 24959'5-4 42901] 864614,6-7 044966 16 129657| 29 


$2 60011/452 81601] 95858 5-41 86906] 97195 8.1583] 28 
88 (4:18 13713}  94165/4-98 72063'5-42 19188 6-0 07967 473174| 27 
_ 67545'4-58 5677314- 4 45990'5-48 07754 187772 646584) 26 
4°19 21511,/4:54 19608/4-05 20125) 96592, 296247 829769] 25 

30 86 | 73656, 62608} 91474 5-44 857151 405103 1995735) 24 
87 '4-20 29935'4-55 457761496 69087 /5°45 T5121] 514848) 858446177 171486) 28 

e $4$196:4-56 1.9111/4-97 48817 5°46 64812 623967 : 348 128] 22 
421 3369. ) 72615}4-98 18813'5-47 54788, 733979/@8 181227] 525866) 21 

re 93318 4°57 36287/ 94027548 45052) 844381 708506] 20 
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44 42413177) — 92684] 9TV78582 69.05] 2.923] S277] 494191] 16 
rf | 68482'4-62 57207/5-02 73895558 00724] 462303 9aszoyl @ng4a8| 15 
46 (4-25 23923'4'61 21908/5-08 49935] 92741] 51585169 11 859) 789489| 14 
re | 795: | 86783/5-04 267001554 $552] 628272| 252489] 97 IH06| 18 
48 |4-26 8521S}4-62 5188215-05 03690'5°55 77663| 741865 895192 7-9 15S151! 12 
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53 429 15835] 79721 92061'5:60 45247; 816007,7-0 1174 11'8°0 (94835 

|. Td4.1.4-66 40932 5-0 7426 5°61 39630) 482086) 263662, 234796 

55 4-80 29136-4607 12124'5-10 49°.24'5-69 84421| 8588] 41°49] 475617 
56 | 85974) 78595'5-11 27855'5°68 29474] 665515] 557905| ° 667894 
BT 4°81 42955 4°65 45248 6°12 06921:5-64 24588 782868 705934 860042 
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20 884 46 
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O 8:1 448464 9°5 148645 11°480052 14:300666 19°081187 28686258 57-289962 
1 | 689786 410613 468474 860606 187980  877(89 58-261174 
2! 887941; 679068 507154  421230' 295922 29-129005 59-263872 
8 82085239 949922 846193 4822781 405183 871106; 60-8 5820 
4 | 2343819°6220486 585204 548833, 515534 624499618829 5 
&| 434485 493475° 624761 + 603916' += 627296 ~=— 882299 62-499154 
6 |  685547| 768000 © 664495 668529! 741,201 80-144619, 63-650741 
7 | 9875799:7044975 70450 781679! 854501 411580; 64 858008 
8 (88040536) 821718 744779 795872 970219 6833-7, 66105473 
9| 244577| 600927; 785 859616! 20087199 959928 67-401854 
10 | 449559} 891782, 826167, 924417| 25558 81241577; 68-750087 
11 | 65553698 164140, 867282 989784; 825308 528892, 70-158846 
12 | 862519} 418166 908633 15-050723, | 446486 82/518, 71-615070 
18 84070515, 733828 950870 129242! E9115 82-1181.99 73136991 
14 |  279531'9-9021125 992349 139349, 698220 © 421205! 74-729165 
15 | 489578; 810088 12°084622 257052813828 781264! 76-89IKI09 
16 | 700651] 600724 077192 825858, 945986 8B-045173, 78-126842 
17| 912772) 8935, 129062. 891276 21--74604 866194! 79-948430 
18 85125943! 10-018708' 168986 463814! 204949 9385/9, 81:847041 
19 | 810172] 048283 276716 = 38931, + 886851 8402TR3. —88-848507 
20 5. O73)81 950505 GOKTS4_4TO4U1 © BETTTI} 85939791 
21 | 771838] 107954 294699 676238) 65089 715115, 88-148572 
22 | 989290/ 183954’ 889028’ 748887, 742569 85°069546 81463336 
23 |8°6207833' 168332 893768 821105! §81251  431299' 82 N:8487 
24| 427475, 193739 429381) 894545! 22-021710 800353. 85480475 
25 | 648223| 229498 4742211 968867| 16398 86-177593  §9-217943 
26 | 870088! 267249 519942 16043482 858.107 562659 101-10:699 
27 87093077; 291255. 565007, 118998! 454°96 95H 104-171 94 
28 | 317198 822447) 61239); 195225, 612915 87-857892 10742648 
29 | 642461! 353827) 659125 272174, 751992 768613 110-89205 
80 | 769374| 885397] 706235 849835! 993766 88188459 11456865 
81] 996446, 417158! 753634! 428279 28-057677 617788 11854018 
82 88225186, 449112) 81417) 597456] 213686 89-056771 122-7596 | 
88 | 455103, 481261) 819557; 587396) 871777 —-HOSS95, 127-82184 
84 | 685296' 514607] 893058 668112) 582952 96546" 1932-21851 
35] 9185)5 546151) 946924! 749514, 694537 40°435887, 187-5745 
86 891529, 578995} 995160| 831915] 859277 917412 148-28712 | 
$7 | 383726 611841]/18-045769' 915923. 24-793320 41-412583  149-46502 | 
88} 622668 641992, 095757| 993957, 195714 91579) + 156°25908 
89 | 859813 673348 146127 17-083724) 8675°9 42-438464 163-70019 
40 9°0093261; 711918, 196388} 169337, 541758 984077 17188540 | 
41 | 837933, 745887} 24881] 25589, 718312 43°5°8192 18093220 
42 | 78367, TT9sT8,-2905s4) 848155, 897526 44.65118 19 98419 | 
43 | 821074, 813372) 851518 481835 25079757 «633893. 2221875 | 
44 91064551 848283, 405867; 52.1516, 264361 45-226141; 21485762 | 
45 | 3993:8 2921} 456625, 619559, 451709 829351, 229-18166 
468 | 555456 QITITS' 599799 701529 641932 46°418362 245-35198 | 
47} 8.2533 952850| 568991] 793442' 834823 47185848! 264-4400 | 
48 92051564! 938159} 617409, 88631) 26080736 739501) 286-4778 | 
49 | 31627 11-023676! 671856, 98)15)' 229638 48412084 812°52187 
50 | 553335) 059431| 726738 18-074977 431600 49-11.3881! 843-7871 
51| 8958.2’ 095416, 782260 171897, 686600 815726, 8S1°97:199 
52 98050936; 131635, §37827| 267654 844984 50°348506, 4209-71757 
58 | 815450 163.89 894045! 865587 27°056557 51-398157, 49110600 
54 | 572355 2:4780) 950719, 464471, 271486 52089673, 57295721 
55 | 830663: 241712 14-007856, 564478, | 489858 — 852119; 68754887 
56 94090884 278835, 065459, 665562’ 711740 58-708587, 859-43630 
57 | 851531, 816804) 128586} 767754, 987238 54561300, 1145-9158 
58 | 614116, 353970] 182093] 871068 28-166422 55-441517, 1718-8732 
59 | 878149: 891885, 241184; 975523! 899897, 56-350590, 3437-7467 
60 |9-5 148645;  430052| 800666] 19-081187| 686253 57-289962 Infinite. 
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0°301030 
0°477121 
0° 602060 
0-698970 


0°778151 
0° 845098 
0° 903090 
0° 954248 
1°000000 
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FROM 1 TO 10,000. 


N. Log. | N, 
26 | 1°414973 || 51 
27 | 1°431364 || 52 
98 | 1°447158 |] 58 
99 | 1°462898 || 54 
30 | 1°477121 || 55 
81 | 1°491362 || 56 
32 | 1°505150 || 57 
33 | 1°518514 | 58 
34 | 1°631479 || 59 
35 | 1°544068 | 60 
36 | 1°556303 | 61 
87 | 1°568202 | 62 
88 | 1°579784 | 63 
39 | 1°591085 || 64 
40 | 1°602060 || 65 
41 | 1°612784 || 66 
42 | 1:623249 || 67 
48 | 1-638468 || 68 
44 | 1°648458 | 69 
45 | 1°6532138 || 70 
46 | 1°662758 || 71 
47 | 1672098 || 72 
48 | 1°681241 || 78 
49 | 1:690196 || 74 
50 } 1°698970 |! 75 
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1707570 || 76 | 1°880814 
1-716008 || 77 | 1-886491 
1°724276 | 78 | 1892095 
1°732394 |, 79 | 1°897627 
1°740368 || 80 | 1-903090 
1°748188 |! 81 | 1-908485 
1°755875 || 82 | 1-:913814 
1°763428 |! 83 | 1°919078 
1°770852 || 84 | 1°924279 
1°778151 || 85 | 1929419 
1785330 || 86 | 1°934498 
1°792392 || 87 | 1°939519 
1°799341 || 88 | 1:944483 
1°806180 || 89 | 1:949390 
1°812918 ¥18 || 90° 90 | 1°954248 
1°819544 | J 1°959041 
1°826075 |! 1°963788 
1°882509 i 1+ 968483 
1°838849 | 4 1°972128 
1°845098 || 95 | 1°977724 
1°851258 || 96 | 1-982271 | 
1°857332 || 97 | 1- 986772 | 
1°862828 || 98 | 1:991226 
1869282 || 99 . 995685 | 
1°87506) {1100 ey, 
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1000000 000434 000868 001801 001734 002166 00252 ‘UU: 29 uL3461 108461 0L8891! 482 482 
4821| 4731 5181) 5609 6088 6466 689 | 7821; 7748 8174! 428 
8600] 9.26 9451] 9876 010800 010724 011147 011570 011998 012415; 424 
012387 013259 013680,014100 4521; 4940, 5369 5779 6197, 6616 420 
7088; 7451 7868! 8284 8700 9116 9582] 9947 02(361 020775 416 
021189 021608 022011 6:022428 022841 028252 023664 02475' 4486 4896 412 
806 5715 6125; 6588 6942 7850; 7757| 814 8571! 97s, 4c8 
93841 9789 080193/080600 08104 081408 081812 our (82619 C8821: 404 
08342483826 4227) 4623 5629, 5480, 5880 6280; 6629 7128 400 
1426 7825, 8223 * 8620, 9017: 941d OBI1'Cd( SLT 040668 C46998 897 


041398 041787 '049182'042576 042969 043862 (048755 044148 044540044982 898 
6828' b714 6105] 6495 | 6885, 7275 7664 (58 8442' 8890 890 
9218' 9606 9998'05088) 050766, 051158 (6158 (51924 C5289 (52694 286 
053078 058463 053846] 4230 4613; 4996 5878 5760) 6142 6524, 388 
69.15 7986 7666| 8046 8496. S85’ 9185! 95¢8| 994206(320 879 
061698 661075 061452 061829 062256 062582 062958 (68833 C6871 9 483 876 
4458, 4832 5206| 5580, 5953 6826 6(99  7671| 7443 7815 878 
8557 8928' 9298 9668 O7((88 07 (41 7 070776 071145 671514 870 
071882 072250 072617 072985 078852 8718; 4¢85' 4451/ 4816 5162 866 
5912 6276, 6640 7004 7868 7781) S94) 8457 8819. 368 


0791811079543 079974 080266 (80626 08C987 (81847 (81767 CE2C67 (82426 860 
082785'083144 088573, 8861 4219 4576 4984 o201| 5647 C4, B57 
6860/6716 T0T1; 7426 7781 8136 8400, £845 9198 9552 356 
9905 C9:1258,09061 1.00968 091815 091 667 (92018.( 92870 (92791 (98071 262 
093492| 8772| 4128' 4471 4520, 5168, 5518 5866, 215, 6562, 8 

6910] 7257; 76v4| 7951' 8298 8644' 8990| 9885 9661100626 48 
100871'100715,101059 1014¢8 Loita? 102691 1624841(2777 1(8119 8462 848 
8804, 4146, 4487; 4898, 6169, S510 5861/6191 eB, 6BTti B41 
7910] 75491 7998! 8227! 8565! 9908} 9241] 9579 9916110263 388 
110590|110926,111268, 111599 111934 112270 112605 112940 113275 84.9) 885 


114943'114277 114611 14048 119873, 115611 112948 11€276 1166(8 11€940;, 888 
7271} 7608) 7834! 65, 8595' 8926 9256 9586 £915 12(245; 880 
120504 12.908, 121231 121560 121858 122216 122544 122871 128198! 8525 328 
4504 4880, 5156, 5481! 58f.6, 6131, 6456 6781, 825 

T1085: 7429: 7758) 8976 8399 8722 945 9868. 9F9013C012 S2B 
18.0884 136655 136977 181298 131619 181989 182260 182580 1829¢: ol 8219 821 
8539, 8558; 4177 4496, 4814 5183 5451) 5709, 6 86, 643 818 
6721! 7871 7354 7671i T9S7i S38 8618, £084 9249 956s $16 
9379 140194 140508 140822 141136 141450 141 763, 142 76 122889 1427(2 314 
148015 8327 3639, 8951) 4263 4504, 4885, 5196; 6507 5818 $11 


146128 146438 146748 147059 147367 147676 147985 148994 1486(8'148911. 8C9 
9219 9527 9835 151-142 15449 150756 151068 151970 151676 151982. 867 
152988 152504 1599..0 8273 851%. 8815' 4120) 4424° 4728! (82 BC 
5836, 5640; 5948, 6746 6549 6859! 7154; 7457, 7759, 8061, 808 
8362, 8664, 6965 9266 9567| 9868 166168 160469 160769 161068, 301 
161368 161667 161967 162266 162564 162568, 8161| 3460| 8158) 4056' 299 
4353, 4650: 4947, 5244; 5541; 5838, 6184; 6480) 6726 122 297 
73171 7618 7998 8208 8497 8792! 9(86 988i 9674 9968, 295 
170269 170553 170848 171141 171484 171726 172-19 172911 172608,172895. 288 
8186, 8478, 8769 4060| 4851| 4641) 4982) 5222) 6512 ba2 281 


176091 176881 176670 176939 177248 177536 177828 178118 178401 178689 289 
89T7. 9264 9552 9889 180126 160418 18099 18 986 181272 181258 287 
181944 182129 182415 182700, 2985, 8270, 8555: 88°9 4128 4407. 285 
4691 4975, 5259 5542. 5825' 61(8. 63911 6674) 6956 9230 ay 
ral 78.13 8084 8366 8647 8928 9209 9490! 9771: ION | 


8125 B48 8631 9959 4287, 4514 4792, 5C69, 5846 5628" 278 
5900 6176! 6458 6729 1005 7281! 7556] 7632 8107] S888 276 
8657. 8932 9296 9481! 9755 200029 2003808 200577 200850 901124, 274 
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160 |204120 204391 204663 204934 205904 206475 205746 206016 206286 206556, 2 

6826 7096 7365, 7634 7904 8178 8441/ 8710 8079 9247! 2 

9515 9783 210051/210319 210586 210858 211121: 211889 211654 211991| 2 
212188 212454, 2720, 2086 8252 8518 8783 4814 4579 26R 
4844, 5109 5378, 5638 5902, 6166 6480 604 6957 7221; 264 
7484 7747| 8010] 8273 8586! 8798 9060| 9323 268 
108 22 1370 220681|220892 221158 221414 291675 221936 229196 222456) 261 
Q716 2976, 3236] 8496 8755 4015 4274| 4538 4793 5051! 259 
5809 5583, 5826] 6084! 6342) 6600 6858) 7115 7379! 7480! 258 
7887, 8144; 8400! 8657, 8918, 9170 9426) 9182 9938 230193) 256 


0449 231704 230960 231215 281470, 2817 24 231979 23294 239488 2397 9 255 
2996 3250, 85.4! 8757 4011, 4264 4517] 4770 5.23) 5276) 258 
5598 5781) 6038 6285 6587, 6789 Tw4i] 7292 714 7795 252 
846 §297: 8548: 8799 9:49 9299 9350; 98:10 240050 240300) 250 
24.1549 24.1799 241048 241207 241546 241 795 242U44)242293 2541) 2790| 249 
8u38 3236; 8534 3782 480 4277-4525) 4772 5019-5266, 248 
9513 5759, 6006, 6252, 6499 6145 6991) 7237 7482) 7728) 246 
7973 8219 8464, 8709 8054 9198 9448] 90ST 9982250176) 245 
95:42) 259664 250908 251151 251895 251638 251861252125 252368) 2610] 248 
2853; 8096, 8838, 8580, 8522, 4064 4806; 4548 479) 5031) 242 


255278 255514 255755,255096 256237 256477 2567 18256953 257198 257439) 241 
7679, 7918 8158, 8308 8687 8877 9116, 9355 9594) 9893) 289 
26007 1:260810 260518 260787 261025 261263 261501:261739 2 261976 262214] 288 
2451; 2688] 2925! 8162 8899; 3636 8873 4119 4846! 4582) 287 
4818 5054) 5290 5525, 5761 ors 6282) 6467 6702) 6987) 285 
7172} 7406| 7%641/ 7875' 8110. 8578| S812 9046 9279) 284 
9518, 9746 Gos) priaia 270448 2706TO 2Tcg13 ar 1144 ar 17 2710.9) 28 
971842 2720741272306 2538, 2770) 8001 8464, 3696 38927! 282 

4889, 4629) 4850 5081| 88 BT72 6002 6232) 280 
e463 6692| 6921) 7151 7380| 7609) T338 867) 8296 25) 229 


754 278982 279211 279489 279667 279805 280123 2303 351 281578 280806) 228 
281088 281261281438 231715 281949 282109, 2396 2622 2849 8075) 
8891; 3527) 3753, 8979, 4205, 4481: 4656. 4852 5107 5882 226 
1 6097| 6232, 6456, 6681) 6905, 7150) 7354 T3TS 225 
7802} 8026] 8249} 8478' 8696: 8920} 9148 9366 9589 9812) 298 
2911085 290257 290430 29: Me 29.925 291147 291369 291591 291513 292 34) 222 
9958| 2478] 2699) 2920) $141; 8863] 8554 8804 4025 4246 221 
4466 4687| 4902| 5127] 5347] DOeT| BIST. ovr 6226 G46 220 
6665! 6884, 7104 7393 7542) 7761; 7979 SI9S 8416 8685 219 
8858) 9071; 9289) 9507 9725, Se eee 595 800818} 218 


801089 301247 301464 301681 801998 309114'802381 802 547 302764 302980) 217 
8196: sl 3628, 8844, 459 4275) 4491 4706) 4921 5136) 216 
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5351, 5566] 5781] 5996, 6211) 6425, 6689 6304 7063 7282! 215 
7496, 7710| 7924! 8187, S351 8564 8778 S991 9204 e417 213 
9630 9545 910056 511268 81481 810009810906 81115, 11330 311549) § 

811754811966, 2177; 2339, 2600; 8098 8234) 8445) 8655) 211 
8867| 4078, 4289, 4499. 4710 4920 8130 534) ba51| S760) 20 
5970) 6189 639) 6599, 6809' 7018, 7227 7436 7646, TSD4) 269 
8063, 8272, 8431] 86S9 S898 9106 9314 9522 9730) 9933) 218 
820146 820854 320562 320769, 82C977 821184 821891 821598 221805 322012) 2U7 


|522019 322426 322633 322839 823046 828252 828458 82" 665 329871 324077) 206 


82; 1438, 4694} 4899 5105, 5810, 5616 5721) 5925, 6131, 205 
68361 6541] 6745. 6950! 7155 7859 7568 Tie? 79728176) 204 


838)! 8583 8787| so91! 9194 9898 9601 98 5.380008 3802111 203 
880414330617 88 ‘$19 881022 881225 981427 881680 881832, 2034) 2236) 202 
2488, 2640! 2842; 8044 8246 8447, 8649 3950 4051| 4258) 202 

4655| 4856| 5057| 5257| 5458, 5659 5859) 6050; 6260) 201 
6460 6660 6860| 7060| 7260 8058! 8257] 200 
8456 8855] 9054} 9253! ras) 9650 9849 340147 340246] 199 
; papeue 340841'841089 341237 841485 841682 341830, 2v28, 2295] 198 
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220 | 849428 842620 342817 348014 848212 348409 ‘843606 848802 849999 344196 
4892, 4589 4785) 4981; 5178 53874 1038 5766) 5962; 6157 


6358. 6549 6744 6989, 7185’ 7880) 7525) 7720) 7915! 8110 
8805 8500 8694’ 8889 9083 9278 9472; 9666| 9860 350054 
850248 850442 850636 850829 851028 851216 851410 851608 351796; 1989 
2183 2875, 2568: 2761) 2954 8147) 8839 8532| 8724, 38916 
4108 4301! 4498} 4685) 4876, 5068} 5260) 5452; 5643) 5834 
6026, 6217, 6408 6599. 6790, ; 6981) 7172) 7863) 7654) 7744 
7935 8125 8816; 8506' 8696 8836) 9076 9266] 9456; 9646 
9835 860025 860215 860404 360593 860788 860972 861161 cea Wiad 


861728 ‘861917 862105 862294 362482 ‘86267 1|862859 '368048 868286 863424 
8612 3800. 8988, 4176 4868, 4551) 4789, 4926, 5118] 5801 
6049, 62386 6428) 6610) 67 96; 6988; 7169 
1856; 7342 7729, 7915 8101: 8287) 8473. 8659, 8845) 930 
9216 9401 9587, 9772 9958 8370148/870828 37(518 870698 870883 
871068 871253 8714387, 871622 871806, 1991) 2175) 2860] 2544; 2728 
2912; 3/96 8280| 8464 8647} 8831) 4015) 4198) 4882) 4565 
4748, 4932 51 15) 5298 5481} 5664; 5846) 6029) 6212! 6894 
6577; 6759 6942' 7124 7806) 7488) 7670) 7852 | 8084] §216 
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§398 8580, S761, 8948, 9124) 9806] 9487} 9668} 9849 880L30 


240 este 880392 ‘380578 880754 887984 881115|381296 881476'881656 881857 
1 017} 2197, 2377, 2507, 2737, 2917| 8C97} 8277) 8456) 3686 
2 3815 8995, 4174 4858 4583; 4712| 4891] 5070} 5249] 5428 
| 5606} 5785, 5964. 6142 6821, 6499] 6677) 6856) 7084) 7212 


7390| 7568 7746) 7 923) 8101| 8279) 8456! 8634; 88111 8959 
9166! 9348 9520 9698 9875 890051896228 '890405 890582|890759 
896.935 891112 891288 391464 391641; 1817] 1993] 2169) 2845, 2521 
2697| 2873 8048 8224, 8400) 3575; 8751) 8926) 4101; 4277 
4452} 4627; 4802, 4977; 5152} 5826} 5501) 5676) 5856) 6025 
6199} 6374 6548) 6722; 6896) 7071) 7245) 7419) 7592) 7766 


897940 898114 898287 398461 898684 898808 398981 899154 899828)8995N1 
9674 9847 400620 400192 400865 400538'400711 406888 401056/401228 
401401,401573 1745, 1917| 2089, 2261 2438) 2605) 2777) 2949 
8121 8292) 8464 8635, 8807] 8978} 4149, 4820) 4492) 4668 
4834} 5005! 5176; 5846, 5517; 5688, 5858: 6629) 6199) 6870 
6540) 6710) 6881! 7051 7221| 7891 7561! 7%731| 7901} 807¢ 
8240] 8410 8579, 8749; 8918! 9987 9257. 9426) 9595) 9764 
9933'41011:2 410271 410440 410609 410777 41(946 411114 4112881411451 
411620) 1788, 1956) 2124) 2293) 2461 2629 2796) 2964| 38182 
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414973'415140 415307 415474 415641'415808 415974 416141416808) 416474 
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4882} 5045) 5208, 5871 569 5860) 6023) 6186) 6349, 
6511} 6674 6836. 6999 71 7161! 7324, 7486 7648, 7811) 7978 
8135) 8297) 84159, 8621) 8783} 8044; 9106 9268! 9429) 9591 
9752] 9914 480075 480.236 480398 480559 480720 480881 481042)/431208, 
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431864 431525 431 685 481846 432007 482167 482898 482488 482649 432809, 
2969} 8180} 8290 8450| 3610! 8770 8980) 4090} 4249 4409) 
4569) 4729, 4888 sa 5207| 5867; 5526, 5685) 5844) 6004, 
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6163, 6822) 6481} 6640] 6799, 6957) 7116) 7275) 7488) 7592 
7751} 79:9] 8067] 8226, 8884, 8542 8701] 8859| 9017) 9175, 
9333] 9491] 9648, 9806, 9964 '440122 446279 440487° 440594) 440759, 
44091.9 441066 441224 4413811441588! 1695 1852, 201.9) 2166 9398) 
2430| 2637| 2793| 2950, 8106, 8263 8419, 8576) 8782| 8859, 
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280 |447158 4473813, '447468 447698 447778|447938" are 448242 448807 448552 155 
8706 8861; 9015; 9170. 9824 9478 9 9787: 9941450095 154 
450249 meron '450557'450711 450865 gt 45179 451826 451479) 1688 154 
1786 940) 2098) 2247, 2400 2558) 2706 2859, 8012) 38165 158 
8818 3471 8624; 8777; 8980) 4082, 
4845 4997) 5150) 5802 5454 5606) 5758 5910: 6062) 6214 152 
6866 6518, 6670} 6821, 6973 7125; 7276 = 7 428, 7579, 7781 152 
7882 8088) 8184) 8336, 8187) 8688 8759 940! 9(91) 9242 151 
9892 9548! 96941 9845’ 93051460146 466296 460447 46(597 460748 151 
46.893 461048, oe 461848 4614: 9 1649, 1799 1948 2(98) 2248 150 


462898 462548 '462697 462847 ‘462997 463146 408296 468445 '468594 468744 150 
8808, 4042; 4191) 4840, 4490 4639, 4758 4986 5(85| 5284 149 
5888' 5582) 5680 5829. 5977| 6126} 6274 6428 6571' 6719 149 
6868! 7016) 7164} 7 812, 7460| 7668, 7756 7904 8C(52' 8200 148 
8847, 8495| 8648| 8790, 8988} 9% 85 9283 9880' 9527; 9675 148 
9322 9969 470116,.470268 470410:470557 470704 470851 470998 471145 147 

471292 471488| 1585! 1782 1878! 2025) 2171 2818 2464 2610 146 
2756, 2908; 8049} 8195. 8841) 38487; 36383 8779, 8925 4071 146 
4216 4862, 4508 4658: 4799 4944 590 5285, 5881| 5526 146 
5671) 5816 5962; 6107, 6252 6397, 6542 6€87; 6882) 6976 145 


477191 477366 477411 477555 477700'477844 477989 478188 478278478492 14 
8566) S711! 8855| 8999 9145 9287 481 9575 9719, 9868 144 
480007 480151 480294 48438 48(.582 480725 48. 6c9 481012 481156 481299 144 
1448° 1586, 17291 1872 2016, 2159 282 2445 25e8 2781 148 
98741 3016 3159| 8302' 3445] 8587, 8780 8872 415| 4157. 148 
4727, 4869 
6147 
7568, 


4800! 4442| 4585 5011, 5158 5295 5487| 5579 142 
5721] 5868} 6005 6289} 6480| 6572, 6714 6855) 6997; 142 
ie bk raat Tio 7845) 7986 8127} 8269 8410. 


8974; 9114 9255 9537] 9677 
9958 490099 490989 490380 490620 490661,490801,49. 941 ee 491222 140 


401862 491502! 491642!491782 491922 492062 492201'492841'492481 492621! 140 
2760| 2900) 8040| 3179| 3819, 8158! 8597, 8787) 2876 4015 189 
4155| 4294| 4483) 4572 4711! 4850) 4989) 5128} 5267; 5406 189 
5544; 5683) 5822| 5960/ 6099 6288 68376! 6515) 6658, 6791 189 
6980; 7068} 7206) 7%344| 7488 7621! 7759, 7897| 8(85' 8178) 188 
8811; 8448} 8586] 8724} 8862 §999 9187) 9275: 9412| 9556) 188 
9962 500099 500286 50¢874 509511 560648 5L(785 50( 922} 187 

1470 1607, 1744: 1880} 2017, 2154) 2291| 187 

9837| 9978! 8109: 8246] 8582; 38518 38655) 136 
4199| 4835 4471; 4607 4743) 4878 5U14| 186 


505557 1505698 ‘505828 505964'506(99 506284 506870) 186 
746 «7181; 7816! 7451! 7586 7721: 185 
1856; 7991 8126; 8260; 8395 6530 8664! 8799 8984: 9068! 185 
9208, 9337| 9471! 9606) 9740 9874 5100(9,510148 510277 a 750 184 
510545 510679 510818 510947/511681 511215! 1849; 1482 1616: 184 
1888 2017; 2151) 2284] 2418 2551| 2684) 2818) 2951! 3084 138 
$218 3851| 3484; 3617} 8750 8888 ron cree 4282! 4415, 188 
4548 4681| 4813) 4946) 5079 5211 5476 56(9, 5741] 188 
5874 6006| 6189] 6271) 6408 6535 e668 6800} 6982; 7064 182 
7196, 7328 et 7592 T724, 7855| 7987 8119 8251] 8882 182 


518514518646 '518777'518909'519040'519171 51 erat 0484 |519566 519697! 181 
9828 9959 52009) 520221 '52¢858 520484 526615 520745 520876 521007| 181 
521188 521269. 1400| 1580| 1661 1792| 1992) 2°58, 2188: 2814, 181 
2444 2575: 2705] 2835] 2966 3696) 3296) 8856 3486, 8616) 130 
8746 3876 4006| 4186| 4266 4896) 4526| 4656| 4785) 4915, 180 
6045 5174) 5804| 5484) 5563. 5693) 5822; 5951| 6081 6210 129 
6889 6469, 6598| 6727| 6856 6985| 7114| 7248 Tet 7501| 129 
76830 7759, 7888| 8016} 8145 8274| 8402] 8581 8788) 129 
8917 9u45! 9174, 9802) 9430, 95¢9, 9687) 9815 aS 128 


9687| 9824 

501059 501196501888 
2497| 2564! 2700 
8791| 3997| 4068 


505150 505286 505421 
6505| 6640| 6776) 6911 


See eOwae Beneuneen= WDNR COMES oe A Secaerl = eres oe aa © CD 00 © Ga OR he CO BD fal 


580200 680828, aes 580712 58084015809681531096 581928) 1851| 128 


Color | a7 ral 6 bk eiCbdele | 9. 


‘Diff. 


a 


488 Logarirums or NumsBers, 
woj of 1{ 2] 3] 4] 5] 6] 7 | 8 | 9 [Die | 


SID |3L seg 5310); 531784 DB1862 58190) 582117 592245 am EE ee 


31 4iy 531617 531734 981862 58199) 58211T 592245 582872 592500 582627 128 
2754 2332 30.9 8136! 8264; 9391 8518 8645 8T72 8899 127 
4)23, 4153, 4230) 4407) 4534 4661, 4787, 4014 5.41 65167, 127 
2 5547| 6674 6800] 5927; 6053; 6180 6306 6432 126 
6553| 6535, 6311) 6937; 7063) 7189 .7815, 7441 1567 7603 126 
7319| 7945, 8)71/ 8197) 8822; 8448 8574! 8699 8825 BOS 126 
93:73! 92)2' 9327) 9452 9578 9703 9529 9954540679 541204 125 
54 13.29 549455 549539 54075 5483) 540655 54180 5412.5 18380 1154 125 
13579, 10s 1929 1953 2u78/ 2203 2327 2452 2576 27.1 125 
2325' 295)| B74! 8199! 8328 8417' 8571) 8696 3820, 8044 124 


sat 1631544192 544316 54444) 544564 544689 544812 544936 545060 ‘545188 124 
5431; 5333} 5673 58)2 5925 6u49. 6172 6296 6419 124 
6343) 6835; 6739, 6013, 7036) 7159 7282, 7405, 7529 T6dz 123 
iis 7393] 8 J21| 8114! 8267 8389 8512! 8635 8758 88>1 128 
9)13' 9123; 9249, 9371) 9494, 9616 9739 9861 999455u106 128 
55.) 23.35 )301 Dd I47B 559095 SSITIT: 5508.4) 55.962 551084 551236 1828 122 
145)! 1572! 1694 1316 1938 2060, 2181' 23.8 2425 bet 122 
2533 2799| 2911! 8033! 3155' 8276 8898 8519 8640 8762 121 
3333| 40)4 4123 4217) 4388! 4499: 461), 4871 4852 4973 121 
5194] 5215 5336 5457 5578| 5699 5820 5940 6061 6182 121 


9593 13 556423 356314556654 556785, 55693 557126 557146 557267 SST3S7 120 
TT ae TT43 7353; 7938 8108 8223 8349 8469 8589 120 . 

8712, 339 8918 9)38 9133' 93:8 9128 9548 9667 9787 120 
9) .¢ 38) 123 td 56235 563835 56.15..4 56624 560743 566863 66932 119 
S611,1) 1221 134 u 1159 1573 «41698 41817, 1936 255 2174 119 
293, 24l2 2531 233)| 2769 28387| 806 8125 8244 3969 119 
8131; 86)0 8713; 8337; 8955' 4u74' 4192, 4811! 4429 4548 119 
4353] 4734 4933) 5)21) 5139 ciat 5376) 5494 5612 5730 118 


o 


er 


DAM emornn” 


i) 
Qe 


ee © 


537 


5843} 5933 6)84 6292, 6320: 6437; 6555, 6673, 6791: 6909 118 
Tu23; 7144, 7232: 7379} 7497| 7614! 7732 7849, 7967, BUS4 118 


5882)2,569319 563 136 563554 569671 568733 5689.05 569028 569140 569257 | 117 
| 9374/9191 9598 9725! 9812 9959.57.76 57.193 5703. 9 57.426" 117 
51J543 57085) STU176 570303 T1v10 571196, 1248, 1359 1476 1502 117 
179} 1823 1942, 2953) 2174 2491) 2407) 2528, 2689 2755; 116 
2372, 2933 Bls4 822), 8336, 8452) 8568 8684 890, 8915, 116 
4)31| 4147, 4233, 4379, 4494, 4610, 4726, 4841; 4957. 5u72 116 
5133) 5323 5419 5534 5650| 5765 6880' 5996 6111 6226) 115 
6311) 6157; 6572 6837, 6302, 6917 7032! 7147, 7262, 7377) 115 
7492| T6J7| 7722, 7838, 7951] 8166, S181) 8295 8410' 6525, 115 
8539, 8754 63d3, 9933, 9v9T| 9212, 9326, 9441) 9555 8669, 114 


| 

579731579393 530012 58.3126 589241 586808 580469 580588 580697 58°81: 
534925'581039 1153, 1267, 1881! 1495. 16.8 1722 1886 1959) 114 
2983 Q17T 2201 24)4 2518' 2631! 2745 2958 9072 38085, 114 
| 8199 8312, 8426, 3539, 8652, 8765, 38379, 8992 4105 4218] 118 
| 4331 4444 4557 467), 4783, 4596 50C9 8122: 5235. 5348, 
5161 5574 5636, 5799. 5912, 6524' 6187; 6250] 6862 6475, 118 
6537 670), 6312’ 6925 Tu8T, 7149! 7262 7374, 7486 7599: 112 
TTL 67323 7933; 847) 816), 8272, 6384 8496' 8618 8720) 112 
8332 8942 9756 9167) 9279 9391' 95.3' 9615' 9726 
995) 59JJ51 59I173 590234 59U396 59I5UT 5OUCLO 59: 378 59: 842 59U953' 113 


591995 sp1176 aes 591399 591510 591621 391 732 501848 591955 592068) 111 
QiTZ 2233 2399 QWlu 9732 9818 2054 8064 8175. 111 
$233 3397 3503 8613 3729 884) 8950! 4061! 4171; 4282 
4393 4593 4614 4724 4884 4915 5055 5165) 5276 5886 
5193 506 BST1T' 5827; 5937, 6v47 6157, 6267; 6877; 6487 
6597 6707, 6817; 6927! Tu37, 7146 7256, 7366) 7476 7586, 116 
7395 7305 7914 8u24' 8134 8248' 8853 8462| 8572, ° 8681i 110 
8791 890)' 90°9' 9119: 9228 9837; 94461 9556] 9665 9774| 169 
9333 9992 600101 600210 600819 600428 600537 60646 60C755 60864) 1L9 
691973691082 1191’ 1299 1468 1517, 1625] 1784) 1848 1951) 169 


re fs 
ey ee et Reece innate 


Kel it a6! 67 {8 | 9 IDiz 


e+ — 


© 
a 
CONATHPOWHS esha lad 


iv] 
go 
a 


[v=] 
w 
OONTIAHOh OOH OS Leer 


LocarivHMs or NumsBeEns. 48) 
No.| 0 | o| 1 | 2\ 3 s|4{s|je{7]s|o | Dit. 


400 |602069 6021 69 602277 602886 602494 6026°8 602711 602519 602928 608286] 108 
8144 8253| 8861 8577| 8686} 8794, 892) 4010; 4118) 1¢8 
4926 4334) 4442 aco 4658! 4766’ 4874 4982, 6089 6197} 108 
p305' 5413, 5521] 5628 5786) 5844| H951. Gv59, 6166 6274) 168 
G81 6489, 6596 6704’ 6811] 6919, 7126 71331 7241| 784S| 107 
715 7562! 7669, T777| 7884 7991) 8. 8.98 82.5 §312, 8419] 107 
B25 8633, 8740, S847 8954] 9 61 9274 9851' 948s] 107 
9594 9701! 98U8' 9914 610621 61-12 ions aivedt 610447 61(854| 10 
61.66, 610167 61873 616979 1186 1192, 1298 14.5! 1511 1617| 106 
1738 1829, 1936; 242 2148 2254 2860| 7466, 2572 2676) 1u6 


612784 61289) 612996 618102 618207 612818 194i 618525 613680 ‘618736 106 
4U58 4159 4264 4581; 4686 4792 106 
5108 5218; 5819 a4 5520 5634 rao: 5815' 105 
6160} 6265 6870| 6476] 6581 6686 | 
7210| 7815! 7%42)| 1525| 7629 7734 7889 7943 105 
' 82571 8862 8466} 8571! 8076 878) 8864 B99 105 © 
9393° 9198' 9302 9406 9511] 9615' 9719 9824' 9928620032 104 | 
62.136 62 :240 620844 620448 620552! 620-656 620760 620864 621.968 1072 104 
| 1176, 128) 1384 1488, 1592) 1695, 1799 1903) 2007 2110; 104 
1 


2214 2318, 2421) 23525, 2628 2782 2835, 2989! 8042 38146) 104 


623249 628358 628456 628559 6236683 623766 623869 628978 624076 62417 9 108 
42x2 4855, 4488 4591: 4695, 4798 4901; 5004 517 5210! 108 
5312, 5415, 5518 5621' 5724) 5827; 5929 6182 6185 6248 103 
6810' 6443' 6546 6648, 6751] 6853| 6956) 7658 7161 7263 1u3 | 
7866, 7468 ‘T5T1 7673, 7775) 7878. 7930) 8.82 8185 8287 162 
8489 8191! pat 8695 8797; 8900 90.2) 9104 9206 988 102 
9110' 9512 9618 9715 9817 9919 680621 680128 630224 680826: 102 — 
wernt eet 680681 6311733 68(-835! 680936 1088 1189 1241 1842, 102 
1647; 1748 1849] 1951 2052; 21 53, 2255 2856, 101 
2457 2509 2660| 2761) 2862) 2968, 8064 8155, 8266 8867| 101 


Proves 688569 '688670 688771 6888721688978 684074'684175 681276 684{+6! 102 
4477; 4578 4679 4779 4880/ 4931' 5081| 6182 6£83 5883, 101 


eter rch ge tn i eT SA NT 
: > 
SeISERs 
oo 
ESSE 
52 bs 
S2aae 


a os Suaueseuce 


% 


54st) 5584 5685 B785 6886} 5986 6087; GIST G87 6888. 100 

65S8 6683| 6789 6889} 6989 7089 7189 729) 7390’ 100 
7490 7590, 7690| 7799 7890| 799) 8(90| $190 8290 8889 100 
8489; 8589, 8689, 8789 8838) 8958 9(83; 9188 9287 9887, 100 
9486| 9586 9686, 9785 9885| 9984 64(.084 640183 640253 640882 99 
640481 640581 64168) 640779 640879 6497S 1077; 1177 1276 1375 99 
1474] 1578, 1672' 1771 1871; 1970 2069 2168 2267 2546 99 
2465' 2563' 2662 2761 2860, 2909 858, 8156 8255 B¥dt 99 


643453648551 643650 648749 648847 648946 644044 644148 644949 644840’ 98 
4499, 4587 4686 4734 4832 4931 5029 5127 5226 5821, 98 
5422 5521 5619 5717 5815 5918 6011 6110 62.8 6806 98 

644| 65.12 66J0, 6693 6796' 6894 6992 %89 T7187 7285' 98 
7383, 7481, 7579 7676, T774| 7872 7969 8067 8165 8262 98 
836)| 8458/ 8555, 8658 $750| 8818 8045 9043 9140 9287, 97 
9385} 9492° 9380’ 9627 9724! 9821 9919650016 650113 65(91) 97 
18US 650415 650502 650599 650696 650798 650890 (987 1084 1181! 97 
1278; 1875, 1472 1569, 1666’ 1762 1859 1956 2(58 215i! 97 


2246) 2848 2440| 2536 2683| 2730, 2826 2923 8019 B16 97 
658218 658309 653405 658502 658598 658695 658791 (653888 ‘658984 6540.89! 

4177, 4278, 4869 4465 4562: 4658 4754 946 542 96 
5138) 5235! 5331| 5427 523, 5619 5715, 5810 5906 6002 96 
6098, 6194' 6290; 6386 6482/6577 6678! 6769 6864 6960! 96 
7056, 7152: 7247 7848, 7488 7584' 7629 7725, 7820 7916 96 
8011 g107) 8 84, 8679, 8774 8870) 95 
8965, 9060 250° 9346) 9441' 9586 9681 9726 9821) 95 
9916 660011 ‘660106 660201 660296 660891 660486 esos! 666676 660771; 95 
“i 0960 a 1150, 1245, 1989 1484’ 1529 1628 1718 95 


OH ONG Orie WHS 


x 
@®D 
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& 
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cs 


1813] 1907] 2002| 2c96 2191] 3286 288)' 2475 2569 2668) 95 


Wolo ha )e)s 466 Carole 1 Dif 
DO Ot a 8 eB ee Og 2 ee 


490 ‘Leeantrams or NUMBERS. 
No.| 0 | 1 2[e|s|slo|z}s| [pia | 


4G0 |662758 662852 662947 663041 668135 665250 668324 ae 668512! 663607, 94 
8701] 8795 8859, 89S3| 4078 4172 4266 4454, 4548 94 
4642, 4736 4830) 4924, 5018 5112 5206 5399 6598) 5487, 94 
5581 6675 5769, 5862) 5956) 6050 6148) 6237, €3831} 6424, 94 
6518, 6612 6705} 6799 6692) 6986 7079, 71 738 7266) 7860 94 
7453| 7546 7640! 7733; 7826] 7920 8.13| 81C6 8199} 8293' 98 
8386, 8479 8572) 8665) 6759) 8852 ears 6(88 9131} 9224 93 
9317; 9410 9508 9596; {659 9782 9875! 9967 67UL60 670153 98 
676246 670889 676431 676524 67 617'67U710 678.2 671 S95 (988 1(80| 938 
1178, 1265 1858 1451) 1548) 1686 1% 128 1821 19138 2065 


eras 672190 672288 67a975 672467672560 672652 672744 672886'672929. 

3118 8205’ 3297] 8890; 8482 8574| 8666 8758| ssbol 

sad 4129 ais 
5045 


ba 


BW HIS Or 6 bo et S Se sennuoue ee Sere Sm = SO WD I Ori GO BO 


8609, 8700] 8794, 8682/ 8973 9(64' 9155 9246 9°87: 91 
9519 $610! ©700' 9791! 9882 9973 68L( 68681154 681245 91 
68426 680517 680607 680698 680789 686879, (970 1.60) 1151) 


680886 
| 
6813882 081498, 681518 681 6C8 681 €98 681784 681874 681 aH LA a8 90 
285 2826 2416, 2506) 2596 2686 2777 2867; 


a 7688 7789 7891! 7972} 8063 8154 §245 8£86, 84%7 91 
| 
681241 


6686) 6726 6815} 6904) 6994) 7688 7172, 7261 7851 
7529, 7618, %707| 7796) 7886] 7975 8064 8158 $249 
sag 854.9! 8598} 8687} 8776] 8865 £953; 9151: 


904 

oH 9398| 9486] 9575, 9664 9758 984i 9980 egcuTO CHAT 69 

490 690196 696.285 690878 690462 690550 e90e39 e9o7es 00816 EQCOCBIER(£SS 89 

! 1681, 1170: 1435 1789, 1877 88 

1905! 2058 2149 9930| 2818 2406 2494! O88 2671| 2729 88 

2847| 2935 8128 8111) 8199 8287, 8875| 8468 8551| BCF9 88 

8727} 8815| 8908! 8991) 4078| 4166 4254) 4842 443 | 4817 6&8 

4605| 4698, 4781| 4868} 4956) 6044 5181, 5219 587; [£94 88 

5482, 0569, 5657) 6744 5919 6.07, 6(94 6162] 62¢9 87 

6356, 6444' 6531] 6618 6706) 6798 6880, 6968 7d, 7142 8% 

7229, 7817) 7404] 7491! 7578| 7665 7752 7829 7926] 8614 987 

6101| 8188, 8275, 8862, 8449| 8595 8622, B79 8796 87 

500 698970 699057 699144 699281 699817 699404 699491 E9957S 6096C4|(99751 87 

1 | 98838 9924 TUUL11 760698 706184 7C( 271 TUL 858 TU 444 FOC L81/79L61T = ST 

2 TouTu4 706790 (877: 0968, 1050] 1136 1222 9 1895 86 

8} 1568 1654 1741, 1827, 1918 1999 86 

1 | pasil 2617! 9603 2689 2775! 2861 86 

5 | 8291) 3877| 8463, 8549 8685 8721 86 

6| 4151 4286 4823 44(8 4494! 4579 86 

7| 5u.8 5094 5179 8265, 6850] 5436 86 

8 | 5964 5049, 6635' 6120, 6206! 6291 85 

9 | 6718 6808, 6888! 6974, 7059) 7144 85 

510 | TOTSTO ‘707658 T07740 07826 707911 707996 cs8! (8166 1 8951 (8886 & 

1| 8421 98506 OL 8676 8761| 8846 85 

2| 9270 9855 ; 969. 85 

8 T1017 710942 710287 716871 710456 710540 T1063 710710 rita 85 

4 1217; 1901) 1885: 84 

5 1807) 1892 i976 160 2144) 2999, 84 

6 | 2650) 2784 2818 2962 2986 3070; 84 

7 | 3491) 3575! 8743 8826, 3910, 84 

8 | 4830] 4414, 4497, 4581 4665) 4749) 84 

9 | 5167] 6251) 5885 5418 5502) 5586’ 84 
Noa! 0 1 2 3 | 4 ) | 


iL: 


Loeanirumus or NumBEsgs. 49° 


See ee ee ne ee 


520 |716008 716087 716170 716854716837 716421'716504 716588716671 716754. 88 

e921: 7004 7188] T7171, 7254, 7888 7421| 75.4 7587! 88 

7671) 7754 7887 7920} 8008 8086! 8169 8258 8336 8419 88 

8509} 8585' 8668 8751| 8834 S917) 9000| Bucs] 9165 0248 88 

9331] 9414 9407 958 9668 9745 9823 9911] 9994720077, 88 

120159 720249 720825 72.407, 72049) 720573 720655 720738|72.821, 0003 88 
0936 1063, 1151, 1288 1816 1893, 1481, 1563] 1646 1728 
1811] 1893' 1975 9u58| 9140 2223, 2805' 9387] 249! 9552 
2634, 2716 2798 2851) 2968 8127, 82v9} 8291! ss74' 
8456| 8533! 8620, 87u2) 8784 3884 8048, 408.1 4112) 4194 


124976 72.4958 724440 724592 Tagg 724685.794767 724849 724951 725018 
5095; 5176 5838 5840) 5508: 6585. 6667; 5748; 5830 
5012] 5093 6115 6156 233 6320| 6401) 6483 
6727| 63.19 6899] 6972] TUS8 7134, 7216, 7207 
7341| 7628 774 7785; 7866 7948 8099 8110 
8B54! 8495 8516 8597) 8673 8750] 8641; 8929 
91651 9246 9327 9118, 9480 9570, 9651 9732, 981: 
9974 73055 73 1136 78I217:780293 760878 780459 780540'780621 780702 

78.1788, 0838, 0914 1024} 1105 1186, 1266, 1847| 1423/1508 

| 1539, 1669; 1750; 1830] 1911, 1991; 2072, 2153) 9238) 2818 


reE804 TS24T4 782555 782685 139715 788796 ‘192876, 782966 788087}788117, 

197; 8278 8358 8518 8598, 8679, 8759| 8889| 3919 
8909| 4078 4169] 4340] 4820: 4400| 480° 4060/4640 4720| 
480) 488)| 4980! 540, 512u, 5200| 5279; 5850; 5489, 5519, 
5509} 5679, 5759 5838} 3018 5993; 6078, 6157| 6237) 6817 
6307] 6476 6556, 6685, 6715, 6795, 6874 GOS4 T1834; 7118 
7193, 7313 1853, 7481) 7511, 759), 7670 7740, 7820, 7908: 
7987 8967 8146 8225| 8305, S384} 8468, 8543} 8629, 8701 


8781| 886) 8989, 9118 aaa | 9956] 9335] 9414) 9498 


9068) 740047; 740126 740205 740284 


1782: 1860) 


6 69.45! 
7412; 7489 7567] 7645 7722, 


| 
748188 748266 748343 748 121 748498 748576 748658 748781|7488('8 748835 
8963} 940 9118 9195 9272 9850. 9427) 9504) 9582 9659 
9736, 9814 9391' 9968 750045 750128 750300 750877 750854, 7508s 
750598 759586 75 1663 T5y140 0817, 0894 0971] 1048 
1979| 1356 1433 1510 1ssi 1664! 1741} 1818 


2488, 2509 
2816} 2303 29701 8047 sas 8200| 8277| 


4348 4654 
5112, 5189 5265) 5841 5417, 5404 5570) 5646) 5722) 57990 


755875 755051 75627 756108 756180 756256 756883 756408 756484 756560 
6636, 6712 6 6864 6940 7016 7692, 7168, 7244! 7820 
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TABLE of the Lengths of Circular Ares, asian being unity. 
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-Ber ‘Length efuae Min. Length of are. fare. | Dee. Deg. ‘Length of ars. ‘| Deg. lone “hofice, 
i 0-0002909 


WONG OP ooo! 


oe Se A 
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0099339 
09 10883 
000136 
000.485 
0000533 
0000532 
0000633 


0090679, 


0000727 
0000776 
0090824 
0000873 
000921 
0009970 
0001018 
0001067 
0001115 
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00013 19 
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“900145 6 
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TABLE of the ae of | Circular Ares, radius tus being wnity. 


! 


‘Length ofarc. 


67238901 
6897744 
TOT2Z2CT 
7246800 
T421883 


-_ eee Sy a I nh te 


~— 


Lox Cuorns, — 601 


cpu rmeeremmene a r e e e 


| EXPLANATION OF THE USES AND APPLICATIONS OF 
THE TABLE OF LONG CHORDS, 


PROBLEM. 


| Required to find the distances or. abscissas on the chord from which, tf 
ordinates or perpendiculars be drawn, they will puss throug the 
station points on the’ curve. 
ExampL_e.—Let the given curve be 1000 ft long of 5° curvature, 
or 1146 ft radius... 
For the first station froin the beginning we have 
chord for 1000 ft. — chord for 800 ft. 
———_———————_ = I st. distance, : 


2 


chord 800 — eee 600 : 
—_—__—__—_-———-=3 2nd distance, ete. 


| 

| 

* 2 

,* Then by table we have, 
| 

L 


Intermediate 
68. Q6S:8T — 4 ae 18 4°10 Distance. Distance, - Total 
——— = 92-385 Ist dist. = 92°385 
784°10 — 593°36 . 
Tp 95°370 Qnd “ “= I187°755 
§93°36 — 898°10 * 
Tia Ng ae ae 97°630 8rd “ = 8 286°385 
898°10 — 198°81 
———>3 = 99°645 4th “ = 885:030 
198-81 —- 0000 
ge = 99°405 Sth “ = 484°435 


968°87 
| 484-485 = half length = — 


Thus for any given station we take from the length of the whole 
chord the Jength of a chord of twice as many stations less than the 
one under consideration; that is, Ist station from beginning 2 less; 

}2 from beginning, 4 less, ete., and take half the difference. 
If the chord had been fur yuo ft of curve, we should have, 
Qy)) 
—a-= = 98°965 = Ist distance. 


689°39 — 
— eee == 96°595 = 2nd * 


496° = 24 _ 98-480 = srd Pr 


$ 

\ ? — ) 

i oe — = 99°620 = 4th 
888°660 


emp + oa qpamnae 


Add 50° — 
= 877°8 
43866 = 3 = take length of chord. 
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In like manner we may find the ordinates connecting these 
abscissas with their points on the curve. : 
Let the length oe chord and radius be as already given. Then 

we have, 


Mid. ordinate 1000 ft. — mid. ordinate 800 ft. curve = ordi- 
nate at lst station, 

Mid. ordinate 1000 ft. — mid. ordinate 600 ft, =< ordinate at 
2nd station. 


For this purpose we have calculated a table of middle ordinates 
corresponding to that of long chords. From this we have, 


107°39 — 69°13 = 88°62 = lst ordinate, 

107°39 — 39°06 = 68°33 = 2nd ss 

107°39 — 17°41 = 89°98 = 8rd ad 

107°39 — 4°36 = 103°:08 = 4th 

107:39 —~ 000 = 107°39 = 5th or middle ordinate. 


Were the chord for 900 ft. of curve we should have by tables, 


87°25 — 53°05 = 34:20 = lst ordinate. 
87:25 — 27°17 = 6008 =2nd “ 
87°25 — 9°81 = 77°44 = 8rd ke 
87°25 — 1°09 = 86°16 = 4th ¢ 
87°25 — 0:00 = 87'25 = middle “ 


This will sufficiently demonstrate how the ordinates can be 
obtained for any other length of chord or curve. The same principle 
obtains in regard to any other rate of curvature. After passing the 
middle ordinate, their lengths will be repeated inversely; as will 
also be the intermediate lengths of abscissas. Then from end of 
first abscissa erect first ordinate, and eo on in regular rotation. 
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TABLE 


Of Middle Ordinates from Chords subtending Curves of from 
100 to 1000 feet in length ; calculated to every 15' of Curvature 
from 15’ to 8°. Radius of 1° being 5780 feet. 


LENGTHS OF ARCS. 
100 | 200 | #00 | 400 | 500 | 600 | 700 | 00 | 900 | 1000 


MIDDLE ORDINATES. 


Curvature. { | 
0° 15° | 0-06 | 022 | 049 | 087 | 1:86 | 196] 967 | 349| 4-42! 8-45 
80 | O11 | 0-44} 098 | 1-75} 278 | 898 | 584 | 698] 8883 1090 
45 || 0:16 | 085 | 147 | 2-69 | 409 | 5°89 | 8-01 | 10-47 | 18-25 1635 
1° 00° | 0-22 | 087 | 196 | 8:49 | 5-45 | 7-85 | 10-69 | 18-98 | 17-67 | 21-80 
15 || 0-27 | 109 | 245 | 436 | 6:82 | 9-81 | 1836 | 17-44 | 99-07) 27-24 
80 | 083 | 181 | 294 | 5-28 | 8-18 | 11-77 | 1608 | 20-98 | 26-48/ 89-68 
45 | 088 | 1°58 | 8-48 | 6-11 | 9-34 ; 18-78 18-70 | 24-41 | 80°38 88-11 
9° 00° || 0-44| 1-75 | 8:92 | 698 | 10-90 | 15-68 |21°85 | 97-88 | 35-97! 43-08 
16 | 049 | 196 | 441 | 7:95 | 19-96 :17-64 | 24-c2 | 31-85 | 30-66| 48-8 
8) || O55 | 218 | 491 | 8-72 | 18-62 | 19-60 | 2668 | 94-82 | 44-04) 5438 
45 || 0-60 | 2:40 | 5-40 | 9:59 | 14-98 | 21:56 |2938 | 38-29] 48-41! 59-71 
8° 00’ || 0-65 | 2-62 | 5:89 | 1046 | 16-84 | 23-58 (81-98 | 41-74| 52-78| 65<8 
15 || 0-71 | 2°84 | 688 11°88 | 17-70 | 25-47 (8468 | 45-19 | 57-18 | 70°44 
80 || 0-76 | 805 | 6-87 °12-20 [19-06 | 27-42 |8728 | 48-63 | 61-47| 75-78 
45, | 082 | B27 | 786 187 | 2041 | 2086 | 9902 | 5207 | 65:80/ 81-10 
4° 00° |} 087 | 849 | 7-85 (1394 | 91-77 | 81-81 | 42-56 | 55:50 | 70-12| 86-40 
15 || 0-08 | 8-71 | 884 | 1481 | 28-12 | 88-25 | 45-19 | 58-03! 74.48] 91-68 
80 || 0-98 | 893 | 8:92 15-68 | 24-47 | 8519 4762 | 62°84 | 73-72 | 96:04 
45 || 1:04 | 4-14 | 982 16°55 | 25°88 87-18 '50-44 | 65-74! 92:99 1109-18 
5° 00° | 1-09 | 4:36 | 9-81 (17-41 127-17 89-06 158-05 | 69-18 | 87:25 [107-39 
15 | 115 | 458 | 1080 | 18-98 2552 | 40-99 | 55-67 | 721 | 90°50 |11958 
8) || 120 | 480 | 10-79 | 1915 | 2087 42-92 6927 | 7588 | 95 73 /117-75 
45 | 1-25 | 5-01 | 11-27 | 20-01 | 81-21 | 44-84 60-86 | 79-25 | 99-04 |129-89 
6 00 | 181 | 528 | 11-76 |2098 | 3955 [4976 : 6940 | 82-60 /104-18 197-99 
15 || 1:86 | 5-45 | 19-25 | 81-74 . 88-89 | 48-67 | 66-04 | 85-93 |11 8 80 198-07 
80 || 1-42 | 5°67 | 12°74 | 29°60 , 85-28 | 50°59 68-62 | 89-26 [112-45 188-19 
.45 || 1-47 | 5°89 11898 98-47 | 8657 [obo TL | gear 111008 149-18 
T° 00° || 158 | 6-10 | 13-71 24-88 87-91 | 54-40 : 78-74 | 95°87 )120°69 149-12 
15 |) 158! 6-82 | 1420 25-19 89-24 5680 , 76: 2 124-78 1.8.07 
80 || 1-84 654 | 14°69 26-05 40:57 | 58-19 | 78°84 [169-42 [198-84 157 98 
45 | 1-69 | 6°76 | 15-18 2691 | 41-90 | 6008 81-37 105-68 [182-88 162-86 
8° 00° || 1-75 | 6-98 | 15°66 at 43-28 61 oT | 88:90 [108 92 1186-89 16t-t0 


On the principles by which the following tables are calculated. 


Let m = linear opening of switch rail, s = angular opening of 
rail, f = angle of frog, g = gauge of track. 

Let x = length of chord from opening of switch rail to point of 
frog. Then will the amount of curvature between the opening of 
rail where curve commences and point of frog = f—s; therefore 
the instrument setting over the open end of switch rail with a back- 
sight on the fixed ond of it, the instrumental deflection to the point 


— 
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| 


| of frog will be = fs - But if the backsight be taken on a point 
: (say 5 inches distant) parallel with the main.track, the deflection will 


then be = =" if el tt Making the value of z, radius, g-—m 


{ + 8 
‘will be homologous to the sine of f 2 Then we have, 


Sin (A) Pig wie. 
. sin (fos 
igs, 
EXAMPLE: 


Calling s = 1° 15’, f= 6° 45’, g = 4°70, m = 0°42, andg—m = 
4°28, we have sin. 4°: R:: 4°28 : x= 61°36ft. 
When a double opening of a switch rail for a double turnout 
ocours, we have, 


_ (£28 . 
sin. G 9 ) :R::g9—2 xm: z= distance to nearest frog. 


' The linear and angular opening of rail being the eame, this 
‘table may be adapted to any other gauge by increasing the | 
‘value of z as given in this table, and the length of radius of turnout 
2 per cent. for every additional inch in the gauge. This is a little 
‘too much; the correction for a 6 ft. gauge being about 30 per cent. 
Thus 100 ft. chord of turnout on this track will give 13 ft. on 6 ft. 
gauge, and 1000 ft. radius will give 1300 ft. This is for a straight , 
dine. When ona curve going-the same way as turnout; it is suffi- | 
| ciently accurate for practice to add rate of. curve of main track to , 
ithat of the table; but when going in opposite direction, subtract it; 
:thus making relative departure from main track the same as on a 
|straight line. 


EXAMPLE: : 


Thus a 5° frog for a 4ft. 84 inch gauge gives a distance of 785 ft.) 
curvature 4° 46’. If the main track were a 4° curve and going the | 
|same way, distance being the same, the rate of curvature would be ' : 
'4° 46'4+ 4°= 8° 46', radius 653 ft.; but going the other way | 


14° 46’ —- 4° == 0° 46’, radius 7473 ft. 


TasLe ror Locating Turnouts.: 505 


TABLE 


Of distances on chord from opening of switch ratl where the curve 
commences, to point of frog, radius of curvature and rate per 
100 ft, caleulated to every 15 minutes of frog angle, frum 3° to 
15°. Constant data: opening of switch rail 5 inches ='42 ft, 
average angular open say 1° 15’, rails being from 18 to 20 ft. 
long. Variable data gauges of road. 


Gauge 4ft. 8$ inches = 4°70 ft. 


Rate of ' | Rate of 
Angie of} __ Lenath of | curve per ,Angie of. ‘Length of: curve per 
og. |Distances. - ius. Ie 100 ft. |_ fos. Distances. radius. | 100 tt 
8779°3 4799 | 355°0 | 16° OY’ 
3023°3 46-78 | 335°3 | 17 07 
2613-2 45°69 | 317°6 | 18 04 
9249°0 44:66 | 8013 | 19 02 
1947-2 43°67 | 2862 | 20 03 
17040 4272 | 2722 | 21 05 
15080 41°80 | 25983 | 22 08 
18390 40°95 | 247°2 | 23°18 
1199-8 | 40°11 | 2860 | 24 20 
.1081°6 | 39°36 | 225-4 | 25. 28 
980°3 38:55 | 215°S8 | 26 37 
8929 | 37-81 | 2066 | 27 48 
8168 37°10 | 1980 | 29° — 
150-1 36-41 | 189°5 | 30 13 
691)'4 35°75 | 1824 | 81 27 
639°4 35°12 } 1753 | 32 43 
593°0 84°51 | 1686 | 34 02 
550'8 33°91 | 1622 | 35. 23 
514°6 33:34 | 1568 | 86 45 


32-79 | 150°6 | 38 08 
32:26 | 145-3 | 89 32 
31°74 1 140°2 | 40 58 
3124-11354 | 42 26 
3075 | 1308 | 48°56 
g0-28 | 1265 | 45 26 


481-1 
451°8 
423°3 
398'3 
S754 
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TABLE 


Of distances on chord from. opening of switch rail io poart ef 
frog, radius of curvature and. rate per 100 ke : 


Gauge 4ft. 10 inches, . 


| 
| Rate of 


ayes ot istances. ada | Crd Arle all Distances. ee et curve ae 
3° —- | 118-89 | 3892: | 1°98" || 9° | 49-42 | 865-7 15° 41 41 
15’ | 119-29 |.8217°0 | 1-44 | '16'| 4818 | 8458 116 386 
30’ | 10687 ; 2709° | 2 o7 || .. 30'| 4706 | 3271 [17 32 
45' | 101-08 | 2316 | 2 283!/ 45’! 46-00 | 8103: |18 29 
4° 96:25 | 2006- | 2 514\\10° | 44-98 | 2947 |19 298 
15’ | 3 3 16 15’ 44-00 | 2803 |29 27 
30’ |. 87 88 | 1558' | 38 414}/ 30’), 48-06 | 267° [21 28% 
45' | 84-28 | 1879 4 09})| . 45'| 4217 | 2546 |22 314 | 
5° | 8086 i 1986 | 4 $8} //11° 41-81 | 248° [23 36 
15’ | 77°76 11184 | 5 08 | 15'| 4048 | 2328 |24 42 
30’ | 74-88 | 1009" | 5 403! =| 3970 | 2022 |25 49 
45'| 7221] 919° | 6 14 45'| 38-94 | 2127 |26 58 
6° 6975: 841° | 6 49 |{12° | 36-21 2089 |28 09 
15' | 6740; 772° | 7 264 15'| 37:50 | 1955 |29 21 
30’ | 65° 28 | 712° | 8 08 80'| $682 | 1878 |30 33 
45' 63-20 658° | 8 42}|| 45’ 86:17 | 1805 |31 46 
7 61:28; 610 | 9 233] 13° | 85:54 {| 1786 |88 00 


| 3492 | 167 (34 18 
34:34 | 160°9 [35 389 
3377 | 155° 187 00 

14° | $322 | 1496 |38 20 

32-69 | 144-4 |39 44 
32°17 | 1894 141 10 
31°67 | 1847 |42 36 

lias° =| 81-18 | 180°2 |44 04 


— 
ro) 
fom) 
(=) 
= 
OX 


15’ | 59°48| 568: 
30' | 87°79 | 530° 
45' | 5618 | 495°5 
8° 54-67 | 4648 
15’ | 53-24] 436° 
30’ | 5187 | 410-2 
45' | 5068 | 8866 
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TABLE 
-Of distances on chord from opening of switch ratl to point of frog, 
radius of curvature and rate per 100 ft. 


Gauge 5 feet. 


al Rate of 
Leng op curve oe Angle . Length of | curve per 
| 1 frog. : Di stances.| radius. 00 ft. 


ingle of 
“Tee. | Distances. 


| 
so 128'51 one | 1°25$" | | 61°24 | 8799 | 15° 06' 
15° || 116°65 ) 3486' , 1 40 15' | 50-00 i 8587 | 15° 58 
80’ | 11060 | 2810" | 2 02 80' | 48-88 | 889°3 | 16 52 
45’ | 10498 | 2408 | 2 28 45'| 41°78 ieee 17 48 
4° 10000 | 2080" | 245 {110° 462 | 306-2 | 18 44 
15' | 95:45] 1820° | 8 08t 15'| 45°71 | 291-2 |, 19°42 
80’ | 9180 | 1611° | 8 88 30’ | 44-78 | 27744 | 20 40 
45’ | 87:60 | 1480° | 4 00 45'| 43°81 | 2645 | 21 40 
5° 84: | 1281:- | 428 11° | 42°91 | 2525 | 22 42 
15' | 80-78 | 1156: : 4 57 42°00 | 941°9 | 28 46 
80’ | 7778 | 1047° 27 ne 41-24 | 280°9 | 24 52 
45° | 75:00! 965- | 5 38 4045 | 210 | 26:01 
6° 72°32 | 878 | 6 88% ||12° 89°69 | 211'8 | 27 10 
15’ 70°00 | 802° | 7 09 " 88:95 | 2027 | 28 20 
80' 876. | "89° | 7 45 | 80’ | 88°25 | 195'1 | 29 30 
45 ae. 684: | 8 28 | ' 87:57 | 1875 80 40 
7° sie 684° | 9 02 jis" 86°92 | 18072 | 31 50 
18°. 1 590° | 9 48 | =) 86°28 | 178°5 | 88 02 
80'-| 60°00 | 880" 10 25 | 80 $567 | 167-2 | 84 17 
45° lowe 514° {11 09 | 45" 85:08 | 1611 85 35 
gP. 667d | 482° 11 64 a | 8451 | 1654 | 86 55 
18° 5580 452° |12 40 _ o 88:96 | 150-0 | 88 16 
'30' | 88 89 | 426° (13°87 | 80’ i $3'42 (RS Doms 1448 : 38 
" 45':| 62°64) 401-14 27 || 45° | 82°90 | 189@ | 41° 00 
15° | soso | 1853 | 49 23° 


F 


Tasux soz Locatixe Traxopm 
TABLE | 
Of distances on chord from opening of aurtch reil to point of frog, | 


radius of curvature and rate per 100 feet. 


Rate of te 
Angie of Length of curve per Angleof Lene‘hof curve per 
Distances. cadius , 100 ft ; fiog. Distances. radius , 109 ! 


egy aEES ey 
sc ¢« 


B° | 18678 , 4478" laear | 9° 1 5687 42077 «18° 89" 
16’ | 12919 ; 3760° | 1 32 [ 15’ 5540 . a974 14 27 
30’ eas | sie '1 50} 30’ | 54:14 ; 376-4 1s 14 
Ab’ | 116-27 | 2664° | 2 09 | 45' | 52-92 | 2570 , 16 04 

4° 110-75 | 2307", 2 29 o 6174 3 ee 55 
16’ | 10571 | 2019" | 2 50 ! 16' ! 50°62 | 3925 | 17 47 
30’ | 101-11 | 1786" | 8 12 30’ | 49°54 | 8072 |18 40 
45’ | 96-90 | 1586° | 3 87 || -45 | 4852 | 2929 | 19 35 

5° 93°08 | 14210 | 4 02 te es 2800 | 20 30 
16’ | 8946/1281: | 4 28 | 16 | 4652 | 267-2 | 21 28 
30° | 8614/1101- | 4 56 | 80’ | 4568 | 255-7 | 22 26 
45° | 88-15 | 1062 | 5 24 |) 45° | 4480 | 2448, | 28 26 

B° 80°16 | 9867" | 5 56 {12° A396 | 2342 | 24 30 
15’ 71°38 | g888 | 6 27 | 16 4344 | 2947 | 25 38 
300’ 7504 | 81» 17 90 || a0 | 426 | 215-9. | 26 36 
45 | 7271 | 7578 | 1 34 | 45' | 4181 | 207-7 | 27 .40 

7° 70:50 | 7028/8 10 !|13° -! 40g9 | 19947 | 28 46 
15’ | 6843 | 6538 18 46 : 15' | 4018 | 192g | 29 -54 
89’ | 86 47 | 609 8. | 9 24 f $0' | 89°50. | 1852. | 81 02 
45° | 6464! 570010 04 || 45! | 88°88, | 1784 | 82-11 

8° 6289 | 584: lo 45 |14° 8829 | 1721 | 88 24 
18° | 61-25 | 5018 lh 27 15' | 87-61 | 1661. | 84°28 
30 | 6967) 471-0 12 10.) BO" | ST*OL | 1604 | 85 47 
46’ | sa19| 4448 p3 ad 45° | 36144. 1849 | 87 08 

| jj15° | 81°87 | 1800 | 88 18 


Taste ror Locating Turnovuts:* 5¢ 


| TABLE 
Of aes on ee, from opening o switch rail to point of frog, 


—_ 


ius of curvature and rate per 100 fi 


-Gauge 6 feet. 
: Rate of | | * Rate of 
Angle of | __ Lesrtn of | curve per ngle of, Length of | curve per 
frog. |Distances.| radius. 100 ft. frog. | Distunces. | radius. 100 ft. 


or eneateneene | em | eg Oe | EEE GER ERE 


8° 150-06 | 4913-1 | 1° 10' | 9° 62°40 | 4616 | 12° 26’ 
15’ | 141-73 | 4060°3 | 1 243] 15'| 60°81 | 4859/13 10 
30! | 184:26 | 834193 | 1 404]  380'| 5940 | 412°9 | 18 55 
45’ | 127-56 | 2923°7 1 1 574] 45’| 58-06 | 391-77 | 14 40 

4° 121-50 | 2581-4 | 2 16 {10° 56-77 | 8721 ]156 25 
15’ | 115-97 | 2215-2 | 2 85 15’ | 55°54 | 8539] 16 12 
80’ | 110°93 | 19804 | 2 564) 80°] 54-35 | 8871 [17 00 
45’ | 106-31 | 174-7 | 8 174| 45’ | 68-24 | 821-4 | 17 50 

5° 102-06 | 1560°0 | 8 404 |11° 52:14 | 8068 |18 42 © 

15’ | 98°15 | 14061] 4 043] 15’| 5104 | 2982 )19 34 

4 
4 
5 
5 
6 
6 
7 
8 
8 


80' | 94°51 | 1274-4 30 80'| 50-12 | 2805 | 20 27 
45’ | 91:14 1160814 56 46'| 4915, |- 2686 | 21 22 
6° 88-00 | 1061°8 24 |12° |.48-28 |..257-4 | 22 18 
15’ | 85:07 | 975:0/5 58 15’ | 47-38 | 2460 | 23 15 
80' | 8233] 898-8 23 80° | 46°47 | 2371 !24 12 
45° | 79°77 | 831-2 54 45'| 45-66 | 227-9 | 25 12 
"° "7-35 | 771-017 96-118° | 44-86 | 219-2 | 26 12 
15° | 75:08] 7173] 8 00 15’ | 44-08 | 210-9 | 27 14 
80’ | 72°94} 669°] 8 34 | - 80'| 43-34 | 203-2 | 28° 17 
45° | 70°92 | 625°4 10 45'| 42°68 | 1958 | 29 20 
8° 69-00 60 9 474/14° 41:94 | 1889 | 30 23 
15° | 67-20) 650°3 10 253| 16 | 41°26 | 182°3 | 81 28 
80’ | 65:47 | 517°8 Int os | 30°|'4061 | 176-0 | 82 36 
45° | 6384] 4880/11 46 45'| 89:98 | 1700 | 88 45 
| TES? 89°36 | 1646 183 54 
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110 Misoeitanrous Nores ann Exaser.es. 


MISCELLANEOUS NOTES AND EXAMPLES. 


Surrosr a curve to contain 57° 24’ curvature; distance between : 
centres of inner and outer track ft. Required difference in length | 
between inside and outside of track. By table of circular arcs: 

57° gives 0°9948377 
24° * 0-0069814 | 
1-0v18191 
Multiply 5 . 
60090955 | 
Ann 5 ft. | 


To find the length of any circular are, multiply tabular arc of | 
given number of degrees by the radius. Half of this tabular length ; 
vives the tabular area of a section of some number of degrees, and 
this tabular area multiplied by the square of radius, gives the 
required area of sector; or this tabular area, multiplied by the | 
difference of the squares of the two radii, gives the area of a ring. ; 
rhus if inner radius = 3 ft., outer = 4, thickness being 1, we have | 
4° — 37 = 7, which multiplied by tabular area gives area required. | 
Suppose the radius of the intrados of an arch containing 134° 46’ | 
is 6:5 ft., the thickness of voussoirs = 1°5. 


Then 8* — 6°35? = 21°75. 
184° gives 2'3387412 
46° “ 0°0133809 


184° 46° #—- 2°8521221 x 21-75 = 51°16 nearly, 
51°16 


and a = 25°08 = area. 


When the span and rise are given to find the curvature of are, 


ke —2i8 

ae” half span 

ExaMpLe.—Suppose span = 18 ft., rise = 6 ft. then § = 0°666667 | 

= nat. tang. 88° 414’, and 33° 414 x 4 = 134° 46’ of curvature. 
Let it be required to find radius, we would then have, 

2 ; a . 9g? 6? 

@ epenyis ne), ~ radius. Thus —~ 

2 x rise 2x 6 


= nat. tang. } curvature. | 
| 


= 9°75 = radius of are, 


8S feet. 


Analogous to this last example, and derived from the same propo- 
sition of geometry, is an easy method of determining the distance 
across @ river or ravine. 


| 
! 
Had it been a 12 ft. span and 4 ft. rise, radius would have been ! 
| 


Let the instrument be at B with a foresight upon C across river; 
from B lay off a right angle to D Set the instrument over D and 


Miscetzanzous Norrs anp Examr.es, 5 


lay off from DC a right angle D A meeting CB produced in 
Then by similar trianglea, 


AB:BD: BD: BC; 


Br 
“AB 
36 ft and AB = 3 ft, thea -7—- = 83333 ft. 


= BC. Suppose that BD 


Te Triangelate round an Obstruction on a Curve. 


] "Exampre—Suppose in running a 3° curve, I find the point f 
sta. 2645 to be occupied by a house; I find, however, that 2644 + ' 
and 2645 + 25 are clear of the house; also, that I have suffieie: 
room for an equilateral triangle whose sides are 50 ft. each. fF 
tablish 2644 + 75 and set the instrument over it. Now suppose ti 

| laet reliable point on curve to be at sta. 2640. The instrument 
deflection trem 2640 to 2645 + 25 = 525 ft. is 7° 524’. Set tl 

. Vernier ta this reading, and clamp the instrument with a backsig! 

| on 2640, so that, when the vernier is at G, the teleseope may peil 

| towards 2645 + 25. Unclamp vernier, set the reading at 60°, at 
| neasure $0 ft. in line of telescope. Set instrument over this poi: 

_and turn the interior angle = 60°, measuring 50 ft. as before. 5S 

the transit over this last point, sta. 2645 + 25, with the vernier : 
60° 80 that the zere line shall coincide with the cherd from 2644 - 

75 to 2045 + 25. Clamp the instrument with a sight on the secor 

| point or vertex of triangle. Then set the vernier at 1° 524’, ti 

) instrumental deflection for 125 ft, and the telescope will poiat : 
direction of sta. 2646, from whence continue the curve, if require 

| as before. 

| This was an expedient applied to advantage by a former associn 
in making the final lecation of the Ohio and Mississippi R I 
Ripley County, Indiana. 

Similar examples and corollaries te previous propositions mig! 
be added indefinitely, but this would transcend the proper limi 
of the work. To an om practitioner possessing ordinary faculti, 
of generalization, it is believed the rules and formulas already give 
will be suggestive of the means of sulving most of the other probley 
which may occur in practice. 


wm oe 


! 
2 
r) 


INDEX, 


' Accumulated work, % . 
» Aalhesion, 176. 


Boiling point, height of, at different 
jejights of the barometer, 287. 


, Air, weight of given ‘butks of, $8; ex- | Bolts and nats, sizes of, 288. 


| atmospheric, 27 
Alubister, to heren and polieh, 67. 
Aigebraic symbols, £5. 
' Alloys, 286 ; recipes for varieus, 154-159. 
 “‘adto-relievo, engraving in, 222. 
+ Amalgams, &9. 
| Amonteon’ : law of elastic force, 177. 


pansion of, By peek Bal; propertias of | Boekhinders’ recipes, 352-355, 


‘ Boyle's law of elastic ferce, 177. 
Brass, freight at Anpersclel foot of, 144, |} 
Bronze powder, 1 ; 
Bronse, regipes for various kinds of, 


| Bronzing Yquids, 108; fa gun barrels, 
179, for ttn gastings 


"Anaya of various organic substanees, | Bricklaying, 297. 


, Anehors, size of, 
1 tonnage of vessels, 272 

i Animals, work of, BS. 

‘ Approximations, decimal, 41. 


: eens diecimal, 24; inatra mental, | 


Axitametical signs, 18. 

Artificial stones, ‘recipes fer making 
different kinds -of, 362-385. : 

4 Atmosphere, temperature an Ean i | 

1 of the at various heighta, 279. 

1 Attraction, centre of, 175; capillary, 224. 

Axle grease, 288 


| Balis, east-iren, weight of, 129. 
; err ¢ast-iren, pressure it will enstain, 


] Beams, equilibrium and pressnre.of, 59, 
* transverse ps of, 209-211, 247 ; 
deficction of, 21 
Bending and Sine method of join- 
ing woodwork by, 928, 329. 
Binary compounds, 250-255. 
} Black, for miniature pain ers, 208 
Blacking, heciiies for, 202, 363. 
Biackleaé pencils, 2: 3. 
! Board measure, 146, 
| Bétler tubes, ‘table of surface of, 241. 
| Betleras, engine, 47; the, of stean- 
: engines, and their proportions, 77, 


rtionad t@ the 


art oe of, 271; size of, aoe 
@ tonnage of vessels, 27 
aie 224 


Bolidjug, terms assed in, 331-841. 


confiary 


Arches, hemispherical, how tecoxstunct, | Carbon, 1 
; | Carpentry, Asch, 
Accu tiectatal terms, vorabulary ef, 331- ast er dimensions of cylindrical! 


j 344. 
Are: fireular, table of the lengths-of, | 


columns of, 142 ; compression of, 2.9 5; 
ders, breaking weight on’, 207; bare 
transverse strength of, 211; beam, | 
presqure H. will sustain, 140 pillars, | 
table of ultimate breaking weight in; 
tens, 119-122 : pillars stnength of, 216, 
217; pipes, 148, 149; pipes. table of 
weight of, 181; ‘plates, aveight of, 245 
ts, table of strengtlis vl, 1238, 1243 
Sangel: to find the Dorse-power it is 
capable of transmitting, 246, 
Cement, 800, 803. 
Cements, recipes for various. 262-269. 


Centre of @ttruction, oquilibrium, frie-| 


tion, gravity, and FA Adalat 173, 176. 
“entre of bianca hg ; of percussion, id. 
Centrifmenl force 
Chain rigging, scale of proofs for, 201. | 
= pod nopes, comparative Saale si 


Chalk drawings, how to render perme: 
nent, $58. 

horde, table of, 414; nses and applica 

. tions of the table of long, 50L 

Circles, table of the diameters, eteeath 
ferences, and areas of, 160-166; cir-! 
cumferpnees and ereas of from one to; 
fifty feet, 167-173. | 

Cisterna, capacity of, In gallons, 274, 


1 
‘ 
t 
t 


514 INDEX. 


Clothes balls, 159, 

Coal, number of cubic feet to a ton, 280. 

Cocks, bore and weight of, 184. 

Cog wheels, pitch of 68, 

Cohesion, 176 

Cvuins, method of taking tmpressions 
from, 118. 


Combustion, s spontaneous, to prevent, 79. | 
or 


Composition, for covering bui!dings, 268 ; 
Lad walls, 304; and resolution of forces, 
Compounds, binary, 250-255. 
Compression, 176. 
Conducting powers of substances, 290. 
Copper, liquids for bronzing medals, 
gures, &c., of, 108; tubing, weight of, 
184; 5 weight of superficial foot of, 144; 
bean and feather shot, 152; etchin 
fluid for, 914; rods or bolts, weight uf 
278; pipes, weight of, 274; sheet, 
weight of a square foot of, 275; dimen- 
sions and weight of, 188. 
Crane, to caleulate the different parts of, 
as respects mechanical advantage, 58." 
Crayons, recipes for, 858. 
Crystala, diamond prismatio, for win- 
ows, 
Cubes and cube roots of numbers, table 
of, 180-201 
Cubic measure, 147. 
ube, P plan to take away the lateral 
st of, 295. 
Cylinders, cast metal, 148. 


Dalton's law of elastic force, 1TT; ex- 
periment on gases, 178. 
i aie how to preserve walls frem, 


ee of wood, means of preventing, 
Dectina arithmetic, 2 ; approximations, 


Thcoonipeattion: vegetable, circum- 
stances favorable tu, 805, 806. 

Diamond ik aa prismatic, for win- 
dows, 82 

Digging, measurement of, 801. 

Distance, how to estimate, 83. 

Domes, plan to take away the lateral 
thrust of, 295. 

Dovetatling, process of, 824. 

Drawings, chalk and penell, how to ren- 
der permanent, 858. 

; Pune wheels, revalutions per mile of, 


Drums, velocity of, 68. 

Ductility of metals, 288, 290. 

Dyeing hats, recipe for, 256; reetpes for 
compound colors in dyeing, 850, 851. 


Earthenware, glaze for, 102. 

' Elastic force of steam, 80; uids, mecha 
nical Jaws of, 177-179. 

Elasticity of tortion, Ma. 


‘Glazea, 
Globes Tenta amalgam for silvering, 89. 


—_—— | 


Electrical machines, amalgam for, §9. 

Electrotype manipulations, solutians, 
used in, 1€9. 

7 le various recipes for making, 848, 


Engine, horse-power of, 57; boilers, 47}: 
locomotive, general proportions of, 16. 
Eingra ving in alto-relievo, 222 
gravings, transfer of, to plaster casts, | 
129; how to take casts of, 188. 
Equilibrium, centre of, 115, of beams, 


Equivalents of sixty-two simple sub- 
stances, 248. 

Etehing fluid for copper and steel, 214. 

Extension, 176. 


Factitious stones, recipes for making 
different kinds of, 362-865. 
Heodne Be papers of different vege- 


roe for too] handles, solder for, 183. 
Feet, table of solid, 245. 
ee thi copper, bronzing liquids for, 


Floors, the construction ef, 818-820. 
cre elastic, tuechanical laws f UT 


‘Formul® for running lines, locating 
. cca ion <P 875. a sa 
orces, paralle m 6 
Fresco painting, ing, 182. 
Friction, contre of, 178. 
Fuel, power of various species of, 288 
Faruiture oil, 127; Paste? 158. 
Fusing using. point and fusibility of metals, 


Gates, ttlamfnating, IT3; properties of 
278; pressure at which certain, are 
liquified, 257. 

Gauge-points for the engineer's and 
common slide rule, 45. 

Gay-Lussac’s law of — force, 177. 

Gilding, 3 ines for dit different kinds ef, 

, re or different kinds ¢: 
850.561, 


oy perfeetly blaek hard, 82; soluble, 
arg for making different kinds 
ow to stain various color, 

$61, 08 me bow ta make, 804. 


Glue, 268, en 267; recipes for variaus 
kinda of, 342 

Gluing joints, ‘process of, 823. 

Gold lustre for stone-ware, 70. 

Gradients, table ab and resistance per 
ton for each, 118. 

Gravities, Lee of eager substances, 
248 ; specific, of bodies, 281. 

Gravity, 473 eon 62; contre of, 176. 

Grease, sco Grope "for Teznoving, 
108: for axlen 38a. : 
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INDEX. & 
Grooving and lapping, method of join- Lateral pressure, resistance to, 136. . 
ing woodwork by, 828. Laws of motton, 47. 
Gun barrels, bronzing Hquids for, 179. | Lead and lead pipe, weight of, 13 
Gunpowder, composition of different weight of thicknesses of, 145; she 
kinds of. 285. weight of a square foot of, 275. 
Gutta percha, solvents for, 179, Lever, the, 68. 
Gyration, centre of, 58, 176, Lime and hair, 301. 
nines of railroad, formule for runnia 
Hardness of metals, ratio of the, 28. 
Hardnesses of bodies, ratios of, 289, Linseed oll, for varnishing, 87. 
Hats, recipe for dyeing, 256. Liquids, table of properties of, 28! 
Heat, latent, in steam, 72; bronzing, 108, 


piaetre 

and miscellaneous effects of, 228-281; 
capacities of bodies for transmitting, 
285; power of various substances to 
transmit, 201. 

Hoating power of various combustible 
substances, 82. 

Hee! balls, 108. 

Horse-power, 55; of an eng , ST: of a 
steam-engine, rale for obtaining, 75; 
nomina'!, of low pres engines, 88; 
of hizh pressure, 84: capable of being 
transmitted by a cast-iron wheel, to 
find the, 246; of wheels, proportionate 
strength of, 258; ae of, as ap- 
plied to machinery, 2 

Horses, traction of, 


Huminatirg gases, 178. 

Inches, table of solid, 245 

Inclined plane, the, 66. 

Ink, recipes for making different kinds 
of, 365-369. 

Instrumental arithmetic, 42. 

Instruments, copper, bronzing Mquids 
for, 108. 

Iron, to preserve from rust, 158; cast- 
iron pillars, table of ultimate breaking 
weight in tons, 119-122; cast, com- 
pression of, 209; cast and wrought iron 
shafts, tables of strengths of, 123-126 ; 
flat and rolled, table of weight of, 130; 
malleable, weight ofone foot length of, 
183; sheet, weicht of superficial foot 
of, 144; sheet and boiler pee weight 
of a square foot of, 275; wrought, 
square, round, and flat, tables of 
weight of, 97-117; wrought, tensile 
and compressive strength of, 208. 

Ivory, recipes for softening, hardening, 
dyeing, marking, &., 174 175. 


Joiners’ work, finishing of. 880, $81. 
Joints, method of gluing, 828. 
Journals of shafts, strength of, 149. 


Knot table, 259-261. 
Kyan, Mr., his method of seasoning tim- 
er, 310-812. 


Lac, re tions of, 89. 
Tand sarvevtng Pry 


Locomotive engines, general propo: 
tions of, 76. 

Logarithms, nse of the tables of, 21t 
222 ; tables of, frem 1 to 10,000, 483. 

Lustre, gold, for stone-ware, 70, 

Lutes, fire, 366. 


Machinery, estimated power of man o 
horse a8 apploed to, 

Machines, work of, 56. 

Malleability of metals, 289, 290. 

Maltha, ur Greek mastic, 308. 

Man, units of work of a, 55; power, com 
pernen of, as applied to machinery 


Map colors, 148. 

Marble, plaster imitation of, 808; recipe 
for staining and cleaning, 349. 

Mariotte's law of elastic force, 177. 

Materials, strength of, 185; strain an¢ 
stress of, 204; of construction, weigh 
of, 284; conducting power of, 285. 

Masonry, different kinds of, 202, 293. 

Mastic, Greek, 3(8. 

Mechanical powers, the, and their appli 
cation, 68. 

Medals, copper, bronzing liquids for, 108 

Mensuration of superficies, 27, 44; 0 
ig 86, 46; of timber, 146 ; of circles 


Metals, ratio of the hardness of, 28 
weight of, 97; paste for cleaning, 146 
and other substances, weight of, 235 
expansion of, by heat, 228; linea 
dilatation of, by heat, 280; fusing point 
and fusibility of, 282, 284: duotility 
and malieability of, 289, 290. 

Modelling wax, 86. 

Motion, laws of, 47. 

Mortar, 800. 

Mortice and tenon, 826-828. 

Numbers, aby one of, 288, 280; table 
of useful, , 241; table of prime 
numbers to 500, 248-245. 

Numeration, 42. 

Nuts, sizes of, equal in strength to thel) 
bolts, 286, 


Oakum, weight ofa cubic foot of, 180. 


| Latent heat in steam, 73. Oil, linseed, for varnishing, 87. 


516 lupex. 


Ofl for furniture, 27; for watchmakers, Pets table of, ane Mgr pele tags fapeg 
ormule for running lines, 


d 
| 
| 382; number of gallons in a cubic foot | Raitro 
et, 280. lecating side-tracks, &. 

Organic substances, analysis of varlous,; Reduction, 24. 

"269. Reflecting powers ef various substances, 
| Oscillation, centre of, 176. 201. 
Reselutivn of ferces, 312. 
' Paint, old, aoivent for, 102. Rigging, chain, scale of preofs for, 291. 


' Paper glass and stone, how to make, 804. | Reofs, the. construction of, 314-817. 
Papers, recipes for preparing, fer varieus . Ropes, strength of, 218, 271; comparative 
purposes, 342-347, strength aud weight of, 136 ; hempen, 
Puraliel motion, table to determine dis-| capacity of sustaining strain, 213; and. 
_ _ tances of movable peints in a, 223. chains, comparative scale of, 247. 
- Parallelogram of forces, 59. Rule, slide, description of, and manner 
' Partitions, timber, 822, 328. of using, 42. 
. Paste for cleaning metals, 146 ; for farni- Rust, to preserve tron from, 158. 
ture, 158; common, 265; fer laying |. 
1 eloth or leather on table tops, 287. Safety valve, rule te find the proper, 
| Pencil drawings, how to render perma-| diameter of, 75. 


nent, 858 Seuuring balls, 159. 

- Poncils, blacklead, 208. , Seourfn crops for remeving grease, 1C8-| 

. Pendnlum, oscillations of, 49, 50. Serew, the, 67. . 

‘ Pandwinuins, 249. Screw-cutting, change wheels fer, 27% 

' Pereussion, centre of, 58. Screws, V-thiead, number of threads to 
Petrifaction of wood, 70. . an inch in, 277. 

Pew’s composition for covering bufld-, Scribing, the operation of, 829. 

.' Ings, 268. | Scaling-wax, recipes for making different! 
Photographs, paper for, 945-847. | kinds of, 869, 310. . 
Pile-diiving, ites in, 189. ; Seasoning timber, 807-812. 

Pillars, cast-iron, table of ultimate break-' Sceants, external, table of, 415 
ing weight in tons, 119-122 ' Beed-lac, 89. 
Pipe, lead, weight of, 184. ' Shafts, cast and wroueria on tables of! 
Pipes, weight of, of various metals, 128 3, Strengths of, 128-126; strength of | 
cast-iron, table of weight of, 181; east-| journals of, 149; diameters of, 151; re- 
fron, 148, 149. | sistance of, to torsion, 150. | 
Pitch of cog wheels, 68. Shears, tention of the guise and shear-; 


Plane, the inclined, 66. leg of, 60. ; 
Plaster, in imitatfon of marble, 808. Eheet-izon, weight of superficial foot of, 
Plastering, 300. 144. 
Plastic figures, amalgam for varnishing, ; Shell-ae, 89. : 
$9 ‘Side-tracks, on raflreads, formula seal 


Platina for springs, 145. | lveating, 572. : 

Platina-mobr, 176. .; Signatui es, method of taking fac-similes 

Polishes, recipes for varfous, 851, 852. | of, 182. 

Polishing wood, recipes for, 226, 227, a s, mithmetical, 13. 

Poicelain, glaze for, 102. Silica, 173. 

Porphyry, to cut, with iron, 146. | Silver, an Indelfble blaek fo write on, 

Puwer, steam, 71. { 81; recipes far puri ying and reducing, 

Powe. of man or horse as applied to. 201. } 
inachinery, 286. | Silvering powder, 145. 


'.Powers, the mechanfeal, and their ap-' Sines, versed, tab!e of, 415; natural, 457. 
' _ p.ication, 68. | Size, 178. 
' ‘Practical geometry, 16. ‘Slide rule, deseription of, and manner 
‘Pressure of beams, £9: Jateral, 186; ver-' of rising, 48. —* 

tical, 141: of steam at different tem- Solder for tertofse-hell, 128; for ferrales 


peiaturcs, 78. of toe] handles, 183. 

| Prime numbers, table of, te 50C0, 248-245. Solders, recipes for varicus, 285. 
‘Priley, the. 65. Solid messurs, 247. 

[ Pulleys, velocity of 68. . Solids, mensuraiion of, 36, 46. 

| Pump, common, prineiple of, 281. Solvents for gutta percha, 179. 

Pumps, quantity of water per linear foot,, Bound, velocity of, 176. 

in, 276. | Specific gravity, 64; gravities, table of, 

Putty, eld, solvent for, 109. : "62; of simple substances, 248; specifie 
Radiating powers of substances, 290, gravities and other properties, 
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Spontaneous combustion, to prevent, 79. 
Springs, platina, 145. 
uares and square roots of numbers, 
table of, 180-201. 
Staining woods, processes for, 218, 219. 
Stains, method of removing, 179; vari- 
ous, for glass, 861, 362. 
Steam, pressure of, at different tem- 
ratures, 78; elastic force of, 80; 
force and temperature of, in atmo- 
spheres, 81; pressure of, 87, 88. 
Steam-engine, 71; table of surface of 
boiler tubes of, 241; various problems 
concerning, 227, 
Steam-enginues, power of, 46; 


horse-power of low pressure, 83; of 


high pressure, 84; proportions of con- | 


densing, 85. 

Steam power, 71. 

Steel, recipe to preserve articles made 
of, 178; etching fiuid for, 214; cast, 
recy wal ig for welding, 268. 

Stick-lac, 89. 

Stone, methods of joining, 294-296; pa- 

r, how to make, 804; ware, gold . 
astre for, 70. 

Stones, artificial, rectpes for making dif- 
ferent kinds of, 862-365. 

Strain and stress of materials, 204. 

Strength of materials, 135. 

Stucco, fire-proof, for wood, 268; for 
inside walls, 801; Higgins’, 302. 

Superficies, mensuration of, b7, 44, 

Symbols, algebraic, 15. 


Tallow, weight ofa cuble foot of, 280. 
Ea are le of, 457, 

oe ant terms used in building, 881- 
Temp rature, eeene of, 286. 287. 
Terms used in bufiding, 831-841. 

Terra cotta, 268. 


Thermometrical scales, comparative ta- 
a the degrees of the three, 232, 


Tides, variations in, 118. 

Timber, results of experiments on the 
elasticity and strength of various 
species of, 186; mensuration of, 146 ; 
cause of the decay of, 805; methods of 
seasoning, 807-312 ; partitions, 322, 328. 

Timbers, ing of, 312; methods of 
scarfing, 821. 

Tin castings, bronzing liquids for, 179. 

Toothed wheels, 68. 

Torsion, elasticity of, 148; resistance to, 
by shafta, 150. 

Tortoise-shell, solder for, 128; ground 
for metal, 139. 

Transverse action, resistance to, 186; 
strength of bodies, 247. 

or timbers framed together for 
the support of weight, 820. 
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Units of work, 54, 


Varnishes, 89-07. 

Vegetable decomposition, circumstances 
favorable to, 6. 

Vegetables, the feeding properties 0! 
different, 249. 

Velocity of falling bodies, 47; of wheels, 
drums, pulleys, &e., 68. 

Versed sines, table of, 415. 

Looks pressure, resistance of bodies 
to, : 

Vocabulary of technical terms used in 
building, 331-841. 


Walls, preservation of, from dampness 


153. 

Watchmaker's oil, 182. 

Water, weight of given bulks of, 68; ex: 
pansion of, by heat, 229 ; boiling points 
of salt, 280; how to find the quantity 
and weight of, in pipes of any giver 
size, 280; discharge of, over weirs 
285, 


Wax, modelling, 86. 

Wax, sealing. recipes for making dif 
ferent kinds of, 369, 870. 

Wedge, the, 66. 

Weirs, discharge of water over, 285. 

Welding sompon ion. 201. 

Wheel and axle, the, 65. 

Wheel, cast-iron, to find the nore ere 
it is capable of transmitting, 246. 

Wheels, velocity of, 68; toothed, ib. 
strength of, 152; driving, revolution: 
per mile of, 86; table of the propor. 
tions of 154; cast-iron, strength 0 
teeth of, 127; dimensions of, in actua 
use, 246; proportionate strength of, ir 
horse-power, 258; toothed, table foi 
calculating the pitch of, 270; change 
for screw-cutting, 279. 

Wind, speed and force of, at differen: 
velocities, 286. 

Wood, strength of, 28; to petrify, 70 
fire-proof stucco for, 268; componen: 
parts of different varieties of, 278 
specific gravities and other propertie: 
oe ; means of preventing decay in 


Woods, processes for staining, 218, 219 
how to polish and preserve, 226, 227. 
Woodwork, 805, different methods o 

Woning: 328-896. 
ork, units of, 54; of men and animals 
a4 ; of machines, 56; accumulated 


Wroueeeuon shafts, tables of strength: 

of, 125, 126; tensile and compressiv: 
strength of, 208 ; bar, transverse flexur 
of, by horizontal pressure, 218 ; experi 
ments on transverse strength o 
rectangular tubes of, 215. 
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